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1. [bookmark: _Ref5850594]Introduction
This contribution summarizes the discussions and proposals in AI 8.16 for Rel-17 NR TEI related discussion.
Based on the discussions summarized in Section 2, six TEI proposals are identified in AI 8.16. According to the guidance from RAN1 chair (i.e., same guidance as in Rel-16 TEI [7] should still hold), it should be checked first whether each TEI proposal is supported by at least 1 operator, 1 infra vendor and 1 UE vendor so that the discussion on the TEI proposal can be prioritized over other TEI proposals. Companies are encouraged to clarify which TEI proposal can be supported in the list below, i.e., please add your company name if you support the TEI proposal. 
· TEI proposal #1: Enhancement of NR codeword mapping
· Supported by ZTE, Sanechips, CMCC, China Telecom, China Unicom
· TEI proposal #2: Improved Frequency-Domain Interleaving
· Supported by Qualcomm, 
· TEI proposal #3: Enhancements to PUCCH format 2
· Supported by Qualcomm, NTT DOCOMO, IITH, IITM, Reliance Jio, Tejas Networks, CEWIT
· TEI proposal #4: Enhancements to CSI-RS design to solve false PMI reporting issue
· Supported by Ericsson, NTT DOCOMO, Softbank, Verizon, T-Mobile USA, 
· TEI proposal #5: NR positioning support for TA-based positioning in E-CID
· Supported by Ericsson, Polaris Wireless, Verizon, Intel, NTT DOCOMO, China Telecom, FirstNet, Deutsche Telekom, 
· TEI proposal #6: Enhancements on the scheduling of PUCCH over multiple slots
· Supported by Huawei, HiSilicon, 

Detailed feedback/question on each TEI proposal can alo be provided in Section 2.

Based on the initial feedbacks on each TEI proposal, it is observed that there seems to be no TEI proposal which is supported by majority and can be completed within this quarter (note that [8] said TEI CR shall be completed within a quarter). Therefore, the moderator’s suggestion on Rel-17 TEI proposals is to continue discussion on all TEI proposals in this quarter, so that hopefully we can converge to some of proposals with reasonable scope/impact to solve essential issues.

Proposed conclusion:
Continue discussion on TEI proposals #1-#6 in Q2/2021, targeting potential principle agreement (not CR).

The proposed conclusion is updated as below.
Continue discussion on TEI proposals #1-#6 in RAN1#105-e.
2. Discussion on Rel-17 NR TEI proposals


Enhancement of NR codeword mapping
Following proposal is made in the contribution.
	[1]
	One difference between NR and LTE is layer-to-codeword mapping, where NR only supports 1 codeword (CW) but LTE can support 2 codewords in the case when the number of transmission layers is not larger than 4. 
Taking 2 layers as an example as shown in Figure 1, two layers can map to 2 CWs respectively in LTE, and independent MCS can be indicated to the two layers to match the potentially different channel conditions. In NR, in order to simplify implementation complexity, only 1 MCS can be indicated for the two layers no matter channel conditions are closed or different. However, some issues are identified in the real test of NR deployment. The NR performance is impacted by NR CW mapping in some cases when the SINR difference for the two layers are large. 
[image: ]
Figure 1 Comparison of CW mapping between LTE and NR
~
Observation 1: In the real test position 1, the receive power of the two layers is about 10 dB. The constellation demapping of the first layer is much better than that of the second layer in the case of rank 2 transmission.
Observation 2: In the real test position 2, the receive power of the two layers is about 10 dB. The constellation demapping of the second layer is much better than that of the second layer in the case of rank 2 transmission.
Observation 3:  The SINR gap between two UL MIMO layers is often large in our test results e.g. larger than 10dB.  It is larger than what we observed in simulations possibly due to some practical differences e.g. inaccurate modeling of antenna placements in simulations, different blockage for different antennas, etc.   
Observation 4: The current NR codeword mapping has limitations in some scenarios including the scenarios with large receive SINR gap for UL or DL transmission layers, multi-panel/multi-TRP, DSS or NR-LTE coexistence scenarios, and TDD scenarios with heavy DL traffic.
Observation 5: Based on the simulation results from both SLS and LLS, two TB/MCS can bring obvious performance gain than single TB/MCS for the case when receive power gap is large between two layers or between two frequency parts.
~
To address the issues mentioned in above sections, there are several solutions can be considered 
· Solution 1: Support indication of two MCS for scheduling with 2 or more layers as the same as LTE supports. 
· This solution needs two MCS fields in DCI. In such case, two layers transmission may be allocated with two CWs/TBs which can use different MCS. For the layer/TB with higher receive SINR, higher MCS value can be indicated. For the layer/TB with lower receive SINR, lower MCS value can be indicated. 
· Solution 2: Support indication of two modulation orders for scheduling with 2 or more layers. 
· This solution requires less complexity as it still keeps one TB.  Also, it may need less DCI overhead than solution 1, but has less flexibility. 
· Solution 3: Support indication of two MCS or modulation orders for different time domain or frequency domain parts of one transmission.
· This solution can introduce power boosting gain compared with solution 1 and 2. 
Since the aforementioned issues reflect the urgent requirement of NR products, and the relevant solutions do not need much spec effort, we suggest to discuss them in Rel-17 TEI agenda.

Proposal: In Rel-17 TEI agenda, support enhancement of NR codeword mapping. Some candidate solutions can be considered 
· Alt 1: indication of two MCS for 2 or more layers 
· Alt 2: indication of two modulation orders for 2 or more layers
· Alt 3: indication of two MCS or modulation orders for different time or frequency parts of one transmission.



Based on the above contribution, following TEI proposal can be discussed in RAN1#104bis-e meeting.

TEI proposal #1
· Support enhancement of NR codeword mapping. Some candidate solutions can be considered
· Alt 1: indication of two MCS for 2 or more layers 
· Alt 2: indication of two modulation orders for 2 or more layers
· Alt 3: indication of two MCS or modulation orders for different time or frequency parts of one transmission.

This proposal is already supported by ZTE, Sanechips, CMCC, China Telecom, China Unicom.
Companies are encouraged to check above TEI proposal and to provide feedback if any in below.
	Company
	Comment

	FUTUREWEI
	The issue was discussed heavily during R15 and was a controversial decision. If the group agrees, we are fine to discuss again while the solution is not necessarily limited to the listed alternatives here.

	ZTE
	These issues have been identified in real field tests as shown in our tdoc, in which there is often a large SINR gap between MIMO layers in practice.  In addition, the level of interference varies a lot in frequency domain in DSS/NR-LTE coexistence partial overlapping scenario.  The performance under these scenarios would be impacted by the current limitation on CW to layer mapping i.e. only one MCS for all MIMO layers when rank<=4.  It should be noted that these practical scenarios and measurements were not considered during Rel-15 discussion.
Thus, we propose to support enhancement on the current NR CW mapping, and further discuss to adopt one or more of above solutions e.g. LTE liked CW mapping.  Interested companies can also propose other alternatives for discussion.
After some discussion and confirmation, the proposal is also supported by Sanechips, CMCC, China Telecom, China Unicom. 

	SoftBank
	We share the similar view as FUTUREWEI. While we are supportive to discuss this issue, the solution should be very simple to help the implementation. It can be open at this moment.

	Ericsson
	Is this for uplink, downlink or both? Is the scope suitable for a TEI or is it too large, i.e. can we finish all the details in one quarter? 

	Intel
	This TEI proposal has significant impact on HW implementation and possible timelines for PDSCH/PUSCH processing in NR. RAN1 should carefull study the proposal before proceding to TEI normative work. 

	Samsung
	Based on the proponent’s evalution, the proposal provides gain when the receive power gap between two layers is large and a large RU. However, for low power gap and a small RU case, it is expected that the performance gain is almost gone.
Even if the gain is only observed in a corner case, implementation/spec impact is quite large. Therefore the potential benefit is outweighed by the implementation impact.

	CATT
	In general we support this enhancement. But considering the three listed alternatives, the workload is large and cannot be accommodated in TEI. We suggest focusing on one solution, e.g., two MCS for 2 or more MIMO layers. 

	vivo
	We share similar view as Futurewei, SoftBank. If agreeable among the group, it can be discussed and evaluated if necessary. Solutions can be discussed afterwards.

	Nokia, NSB
	This looks more like a MIMO enhancement that would call for renewed evaluation to see if a different outcome is achieved than in Rel-15. Back at the time, some companies argued that there is gain from single CW operation due to inaccuracies in layer-specific MCS selection. Should be proposed in RAN as feMIMO WI extension or part of Rel-18 MIMO work.

	Huawei, HiSilicon
	We agree with the motivation for this TEI proposal raised by ZTE. It was discussed heavily in both Rel-15 and Rel-16. 
We are open to simple solution to address the issue by following LTE codeword-layer-mapping mechanism so that gNB/UE may reuse LTE algorithm as much as possible.

	ZTE2
	Thanks for the comments and suggestions.  There are concerns from some companies on the scope being too big. We are open to downscope to support only one simple solution e.g. LTE mapping i.e. Alt1 supporting 2CWs for rank2-4 in UL only or DL only.   We can support this straightforward extension so that it can be finished in a quarter.

	Qualcomm
	Would propose to make this lower priority since the original decision was based on extensive performance comparisons. Among the considered options, we think layer dependent modulation order should have higher relative priority due to its smaller specification impact. 

	AT&T
	As mentioned by other companies, this issue has been debated extensively in Rel. 15. We are supportive of the TEI proposal to discuss enhancements to CW to layer mapping in, especially with benefits shown from real deployment scenarios. The different solutions alternatives can be evaluated and decided on at a later stage.

	ZTE
	Based on the feedback from the first round, we revise our proposal to a more concise one as below:
Revised Proposal:
· Support 2 codewords with 2 MCS for rank2-4 uplink transmission    
Supported by: ZTE, Sanechips, CMCC, China Telecom, China Unicom, [CATT, Huawei, HiSilcon, Softbank, AT&T,…]

This is basically Alt1 (i.e. LTE-like CW mapping) for UL in the original proposal. We understand the original supporting companies should be fine with this revised proposal.    Please correct it if our understanding is wrong.  I put the companies which show supportive comments in the first round discussion.  Please check and let us know whether you can support this revised proposal. More support or further comments are welcome. 





Improved Frequency-Domain Interleaving
Following proposal is made in the contribution.
	[2]
	Starting from NR Rel-15, it was identified that at large BWs and high data rates and high rank, several codeblocks (~12) can be mapped onto any single OFDM symbol. When this happens, even though interleaving exists within any given code block, the frequency diversity of each codeblookc can be relatively small since each CB occupies only a small set of PRBs. VRB-to-PRB interleaved mapping was introduced to distribute codeblocks across frequency. 
[image: ]
Unfortunately, several limitations of the NR Rel-15 VRB-to-PRB solution were identified in practice:
· Small performance gains are observed since CBs are only distributed along two sub-bands that are diverse in frequency. Much larger gains can be achieved with higher-depth interleavers having more diversity. 
· VRB-to-PRB interleaved mapping is happening within the BWP and not within the UE’s scheduled allocation which limits the ability to multiplex UE’s with different BWP configurations. VRB-to-PRB mapping may preclude coexistence of different UE’s with BWP switching for power savings. 
· There is no mode of CSI reporting which assumes VRB-To-PRB interleaved mapping, while dynamic switching between the interleaved and non-interleaved mapping is specified. The scheduler does not have an indication from the UE whether, in any given conditions, it will be beneficial to dynamically switch ON/OFF the interleaved mapping. 

As a simple simulation example, we consider the case of high throughput / high spectral efficiency (where the interleaving was supposed to provide most of the gains):  Rank 4, 100MHz BW, 30kHz SCS, TDL-A 30 nsec with MCS 13, 19 which correspond to the following cases:

	MCS
	Rate
	Modulation Order
	# of CBs
	# of CBs / Symbol

	19
	0.85
	6
	79
	7.9

	13
	0.55
	6
	51
	5.1



The gains in SINR over NR Rel-15 options to reach 90% throughput is shown below: 

	Interleaver
	Delta in dB, MCS = 19, MMSE
	Delta in dB, MCS = 13, MMSE

	Rel-15  (No-ILV)
	0
	0

	Rel-15  (VRB2PRB ILV)
	1.0
	0.6

	8-Row
	6.5
	2.8



Based on the above observations, we make the following proposals:

Proposal 1: For the VRB-To-PRB interleaved mapping:
· Increase the depth of the interleaver (e.g. 4 or 8 rows instead of 2 rows in NR Rel-15) 
· Perform the interleaved mapping within the scheduled allocations and not within the active BWP
· Introduce a CSI reporting configuration where the UE is expected to compute CQI under the assumption of interleaved mapping.




Based on the above contribution, following TEI proposal can be discussed in RAN1#104bis-e meeting.

TEI proposal #2
· Support following improvements for the VRB-To-PRB interleaved mapping
· Increase the depth of the interleaver (e.g. 4 or 8 rows instead of 2 rows in NR Rel-15) 
· Perform the interleaved mapping within the scheduled allocations and not within the active BWP
· Introduce a CSI reporting configuration where the UE is expected to compute CQI under the assumption of interleaved mapping.

This proposal is already supported by Qualcomm.
Companies are encouraged to check above TEI proposal and to provide feedback if any in below.
	Company
	Comment

	NTT DOCOMO
	We are supportive to introduce the new interleaver in addition to the existing one to improve the performance (i.e., the new interleaver does not replace the existing one, but either one can be configured based on the UE capability). However, regarding 2nd bullet, it is unclear how interleaved mapping is carried out within the scheduled allocations, which may have large speficiaction impact, and we think more clarification is necessary.

	FUTUREWEI
	The evaluation setup details e.g. carrier frequency, number of antennas and etc and results need to be studied by the group to agree on the motivation on enhancement. For example, the evaluation is performed under rank 4, TDLA-30, what about CDL channel type? TDL and rank 4 seems to be idealized and the gain may be only obvious for corner cases. Overall, the changes can be significant. Need more performance evaluation to see it’s benefit in broader situations. Amount of work is larger than TEI can handle.

	Ericsson
	This is a well known issue and we are positive to enhance the interleaver by straightforward extionsion (i.e. the depth). To introduce CSI reporting as well may be a too large scope for a TEI?

	Intel
	We think interleaver optimization is only required on the following aspects
- MIMO layer specific shift to de-correlate MIMO layers in correlated channels for CP-OFDM
- Time domain interleaving among CBs for DFT-s-OFDM

	Samsung
	Other than the claimed case, we wonder the performance of low-mid rate case. In addition, the proposal would cause large implementation impact (gNB/UE). 

	CATT
	Comprehensive evaluation is needed to justify the enhancement. The change of interleaver depth may cause co-existence issue with legacy UEs which should be carefully studied. In addition, the second and third bullet may lead to large mount of work in RAN1, and is not suitable for TEI. 

	Vivo
	Increasing the depth of the interleaver will improve performance in given assumption, but not sure of its urgency. Interleaved mapping within the scheduled allocations and not within the active BWP may cause the multiplexing issue (PRB domain collision) with legacy UEs sharing the same active BWP, further study may be needed. 

	Nokia, NSB
	Practical implementation impact vs. practically achievable gain would need more thorough interpretation. Chaniging the interleaved mapping to within allocation rather than within BWP would cause multiplexing problems.
CSI feedback enhancement would seem to belong to MIMO enhancements WI, and if it doesn’t fit there, then TEI is not really the place to do it. Should be proposed in RAN as feMIMO WI extension or part of Rel-18 MIMO work.

	Huawei, HiSilicon
	The impact of the proposal to the spec as well as implementation can be large. The first sub-bullet directly changes the inter-leaver description, the 2nd subbullet has impact on both resource allocation and precoding/PRG determination thus MIMO functions, and the third one has impact on CQI feedback procedure. Since VRB-to-PRB mapping is also supported for broadcast messages, the proposal would unfortutely only apply to unicast case due to coexistence with legacy UEs, and complicate gNB scheduling when BWPs for different UEs may be overlapped from gNB point of view. The gain seems to be mainly for the case that a large BW in TDD for high data rate traffic. Given the constrained potential benefits that might be obtained from the proposal and the large specificatioj impact, we do not support this proposal.

	ZTE
	In our view, the use case, i.e., if a CB is mapped onto one OFDM symbol and occupies only a small set of PRBs in the symbol, may not be very typical. As for the proposed enhancements, the motivation/benefit does not seem to be clear to us. 
· For the 1st sub-bullet, whether there is performance gain in such corner case needs to be carefully verified first. 
· For the 2nd sub-bullet, current mapping within the active BWP makes the PRB more distributed and therefore better performance, which is more important from our perspective.
· For the 3rd sub-bullet, switching between interleaved and non-interleaved mode can be up to gNB implementation, e.g., based on frequency selective fading conditions. Clear benefit by evaluation is required to justify such enhancement which would introduce relatively large specification impact. 


	Qualcomm
	Support as stated. One of the motivations is power spectrum ‘droop’ experienced in wide-band cannels.

	[bookmark: _Hlk69372873]Qualcomm2
	Based on the feedback from the first round, we revise our proposal to a more concise one as below. Performing “reshuffling” within the scheduled VRBs does not result to any collisions since the UE’s allocation to PRBs is not changed, nor complicates the gNB’s scheduling. Note that the spec will continue to support the legacy VRB-To-PRB interleaved & non-interleaved mapping. In the updated proposal, we also remove the “CSI enhancement”, and change the proposal to “study and if agreed”, so that companies get a chance to perform more evaluations. 
Proposal: For the VRB-To-PRB interleaved mapping:
· Study further, and if agreed, specify 
· to increase the depth of the VRB-To-PRB interleaver 
· to perform the interleaved mapping within the scheduled allocations and not within the active BWP






Enhancements to PUCCH format 2
Following proposal is made in the contribution.
	[2]
	Short PUCCH format, specifically, PUCCH Format 2 spans one to two OFDM symbols and is restricted to use CP-OFDM waveform. The table below summarizes the configurations available for various PUCCH formats. The lack of DFT-S-OFDM support for short PUCCH Format is a significant shortcoming that we wish to address.
[image: ]
Table 1 Configurations for different PUCCH Formats

Short PUCCH formats have found significant use in FR2 deployments where a large number of analog antenna beams are used to serve users in uplink/downlink. Due to large number of antenna beams, long PUCCH formats are not favored since it’s easier to support beam sweeping operations using short PUCCH formats. Further since certain beams are intended to provide cell-edge coverage while certain beams are intended for cell-center UEs, beam-specific PUCCH configurations are ideally desired. However, defining beam-specific PUCCH formats is a tedious effort and adds to overall network configuration complexity. Therefore, short PUCCH formats are typically configured across all beams. Additional details on these aspects are presented in [1].
Further, with uplink being a typical bottleneck in NR deployments, it is worth considering enhancements that help improve uplink control coverage. It is well known that DFT-S-OFDM waveforms have a smaller PAPR compared to CP-OFDM, and this enables them to be transmitted at a higher power. 
Using power class 3 UE as a motivating example, Table 6.2.2-1 of 38.101-1 as provided in Table 2 specifies a set of power reduction values dependent on RB allocation and modulation order for power class 3 Ues. The power back off values are then used by the UE to calculate the lower bound on its  value. 
[bookmark: _Ref40451204]Table 2 MPR Table from 38.101-1
[image: ]
Note that DFT-S-OFDM with pi/2 BPSK has two sets of values defined, one for the case where the 0 dB MPR is in reference to 23 dBm and another where the 0 dB MPR is in reference to 26 dBm. This change in reference power to 26 dBm is permitted when UE is operating in TDD mode with less than 40% of the slots in a radio frame being used for uplink transmission. 
It is thus seen that for a wide range of RB allocations, DFT-S-OFDM waveforms can be transmitted at a transmit power that is 2 dB higher than that possible for CP-OFDM waveforms. This motivates us to make the following proposal:

Proposal 2: Support transmitting PUCCH Format 2 using DFT-S-OFDM waveform.
Introducing DFT-S-OFDM for short PUCCH format requires a careful consideration of how the resources are split between DMRS and data. To support single symbol PUCCH transmission, it is required that DMRS and data be multiplexed on the same symbol. One option is to multiplex DMRS and data in time domain before the DFT operation [2], [3].
Transmit-side operations
The proposed scheme multiplexes data and reference signal within one symbol duration by virtual TDM. The time domain signal before DFT-spread and the transmitter block diagram is shown in Figure 1.
[image: ]
[bookmark: _Ref478050957]Figure 1. Transmitter for Virtual TDM of Reference Signal and Data
The first part of the pre DFT-spread time-domain signal is the reference signal. It is preferable for the reference signal to have low PAPR property on both time and frequency domain to keep the PAPR of the final DFT-s-OFDM waveform low and at the same time make the frequency domain channel estimation efficient. 
To reduce inter-symbol interference, an additional virtual CP for reference signal can be optionally added at the beginning of the pre DFT-spread time-domain signal by copying the last symbols of the reference signal. 
The reference signal symbols are followed by data symbols to form the pre DFT-spread time domain sequence. The pre DFT-s sequence  goes through the conventional DFT-s-OFDM waveform synthesis to generate the final time domain waveform.
Denote the signals in Figure 1 as follows:
 : pre DFT-s Reference signal with length 
 : pre DFT-s Data signal with length 
 : pre DFT-s Virtual Cyclic Prefix for Reference Signal with length 
 : pre DFT-s Time-domain signal with length 
From the above discussion, we can see that  should be , and  should be
.
Receive-side operations
Figure 2 shows the receiver block diagram for the virtual TDM shown in Figure 1. Except the channel estimation block, the receiver is essentially equivalent to the conventional DFT-s-OFDM receiver. After FFT and tone demapper, the extracted tones are equalized and go through IDFT to obtain M time domain symbols. Then,  data symbols are extracted for the decoding.
[image: ][bookmark: _Ref478050810]Figure 2. Receiver for Virtual TDM of Reference Signal and Data


There can be multiple options for the channel estimator. Figure 3 shows a channel estimator for the virtual TDM of reference signal and data. After FFT and tone demapper, the extracted tones go through IDFT to obtain M time domain symbols. Denote the discrete-time equivalent channel between the Tx antenna and Rx antenna for the M time domain symbols as . When the CP length for Reference signal  is chosen longer than the propagation delay of , the reference signal is protected from inter-symbol interference and circular convolution is preserved. Therefore, the extracted RS symbols in Figure 3 can be represented as  where  denotes the -point circular convolution. The channel  can be obtained by converting the extracted reference signal symbols to frequency domain by -point DFT. Finally, the estimated channel for  tones can be upsampled by a factor of  to obtain the channel estimation for  tones, which can be used for the channel equalization in the receiver of Figure 2.
[image: ][bookmark: _Ref478107237]Figure 3. Channel Estimator for Virtual TDM of Reference Signal and Data – Option A.


Alternatively, the upsampling block can be further removed by using -point DFT. Figure 4 shows an alternative option for the channel estimator. The extracted tones go through -point IDFT to obtain  time domain symbols. Then, the data symbols are replaced by zeros, and the modified  time domain symbols converted to the frequency domain by -point DFT. Finally, the  channel tones can be estimated in the frequency domain.
[image: ][bookmark: _Ref478109111]Figure 4. Channel Estimator for Virtual TDM of Reference Signal and Data – Option B.


Clearly, this proposed transmission scheme can provide the multiplexing of reference signal and data with arbitrary pilot ratio while keeping the low PAPR property of DFT-s-OFDM waveform. 
Simulation Results
In this section, we simulate and compare the link performances of the proposed virtual TDM scheme and compare with that of OFDM where the reference signal and data is FDMed.
Figure 5 presents two plots that illustrate the characteristics and the performance of the DFT-S-OFDM waveform. First, Figure 5 shows that DFT-s-OFDM waveform has at least 2 to 2.5 dB PAPR gain over CP-OFDM --- this is a reasonably well known result. Second, Figure 5 also shows that when comparing the link level performance between CP-OFDM (with data-RS FDM) and DFT-S-OFDM, it is observed that there is little to no difference at least for small payloads. For the link level performance, a three-bit payload is considered, and transmitted over 2 RB. The additional virtual CP length for RS is set to be zero, and the pilot ratio is chosen as 50% for both cases. Thus, taking both these observations into account, we see that the proposed scheme can provide up to 2 dB better performance than a CP-OFDM-based approach. 
	[image: ]
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[bookmark: _Ref68606046][bookmark: _Ref68606037]Figure 5 PAPR for CP-OFDM and DFT-s-OFDM waveforms (on the left) and link level performance comparison between DFT-S-OFDM and CP-OFDM (on the right).

Based on the discussion above and the simulation results, we make the following proposal:
Proposal 3: Consider pre-DFT data-DMRS multiplexing to enable DFT-S-OFDM waveform for PUCCH Format 2.




Based on the above contribution, following TEI proposal can be discussed in RAN1#104bis-e meeting.

TEI proposal #3
· Support transmitting PUCCH Format 2 using DFT-S-OFDM waveform
· Consider pre-DFT data-DMRS multiplexing to enable DFT-S-OFDM waveform for PUCCH Format 2.

This proposal is already supported by Qualcomm.
Companies are encouraged to check above TEI proposal and to provide feedback if any in below.
	Company
	Comment

	NTT DOCOMO
	We support to introduce PF2 using DFT-s-OFDM.
Short PUCCH format is an important feature for FR2 deployment with beam-based operation. However, current PF2 is CP-OFDM based format and the performance is not good compared to PF3/4, which are DFT-s-OFDM based format. Details of the enhanced format can be discussed further.

	FUTUREWEI
	need more simulation to verify the performance and feasible solutions. Among of work is larger than TEI can handle.

	SoftBank
	We support the problem identified by Qualcomm. We think the UL coverage issue on FR2 is real and critical. Meanwhile, we are fine to leave the exact solution to the next meeting.

	Ericsson
	We also think the problem Qualcomm identifies is an important one.  However, the work load does seem large for a TEI, and we would like to further consider the potential gain vs. receiver complexity before proceeding further.

	Intel
	PUCCH format 2 is mainly targeted for latency reduction. If coverage is an issue, gNB can use other PUCCH formats, e.g., PUCCH format 3 and 4. In addition, this TEI has substantial impact on receiver implementation, especially channel estimation. We do not support this TEI.  

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	We support this proposal. The exact details of what modulation schemes to be used, what DMRS sequences to be used can be left for further study. 

	Samsung
	The proposal was discussed during Rel-17 Coverage Enhancement SI and not justified to be included in corresponsding Rel-17 WI. 
We don’t think the proposal fits for Rel-17 TEI.

	CATT
	The motivation is not clear. If UL coverage is an issue,  PF#3/PF#4 with less OFDM symbols, e.g., 4 symbols, can used instead of PF#2. Beam sweeping within one slot is still possible. If UL coverage is not an issue, e.g., for cell-center UEs, PF#2 without enhancement can be used.
Even RAN1 agrees to introduce DFT-s-OFDM waveform for 2-symbol PF#2, the simplest way would be TDM multiplexing between DM-RS and UCI where UCI is transmitted with DFT-s-OFDM waveform.

	Vivo
	It could be beneficial, but it could involve large work in RAN4.

	Nokia, NSB
	This seems to be a CovEnh SI topic that did not make it to the WI, and as such taking it in as TEI17 by RAN1 does not seem appropriate when RAN specifically dropped it out of the CovEnh WI contents. It should be taken to RAN with a proposal to extend the CovEnh WI scope.

	Huawei, HiSilicon
	We doubt this can be a TEI proposal. There was a considerable number of suggested PUCCH formats in Rel-15 and a careful downseletction had to be done. The merits of this proposal appear to not have been justified, e.g., with system simulation results. We also note that PUCCH format 3 with 4 OFDM symbols is a viable configuration. In the WI on >52.6 GHz, it is also observed that the UE transmit power is not necessarily limited by the CM, as there are other regulatory constraints.
While rather straightforward enhancements to PUCCH formats have been made for NR-U and for >52.6 GHz (e.g., using interlace and increasing the PUCCH bandwidth), they were carried out in Wis. Based on those experiences, we expect that there would be several design proposals and a thorough evaluation campaign. Hence, we believe that the work effort is too substantial for a TEI.

	ZTE
	It is understandable that PAPR could be reduced if DFT-S-OFDM is introduced for PUCCH format 2. However, it would require new signal generation procedure for PUCCH format 2 and corresponding new channel estimation methods, which may degrade the performance compared to the traditional frequency domain channel estimation method. In addition, it seems the provided evaluation results haven’t taken DTX-to-ACK threshold into account. Thus, it needs to first carefully evaluate the potential SNR performance loss, with or without considering DTX-to-ACK threshold.

	Qualcomm
	Support the proposal for the stated reasons.

	Qualcomm2
	Some responses to comments from other companies:

(a)	The motivation for this enhancement stems from real-world FR2 deployments where it is observed that uplink coverage is a significant bottleneck and where short PUCCH formats are heavily used to accommodate the beam-based nature of transmissions. It appears unlikely that long formats will be used in such deployments. TDD operation in these bands further limits the available uplink resources.
(b)	From a performance standpoint, ~2 dB gains from switching to DFT-S-OFDM can be almost immediately realized. This is rather straightforward  to see based on the MPR table. Setting aside tx power gains, simulation results suggest that baseband performance is on par or close to CP-OFDM. Please see R1-1708615 For additional results.
(c)	Given that PUCCH long formats already support DFT-S-OFDM, we think the RAN4 impact will be rather minimal --- most of the details can be ported over from long formats.
Irrespective of whether this issue fits within the constraints of a TEI or not, we think it’s rather important that it be addressed in one form or another.





Enhancements to CSI-RS design to solve false PMI reporting issue
Following proposal is made in the contribution.
	[3]
	As been previously informed [R1-2001918], from OTA testing of commercial NR Ues, a critical issue has been found related to MIMO performance near cell edge. The issue has been detected for both 32 and 8 port CSI-RS and for two Ues with chipsets from different vendors.
This is a real-life network issue related to MIMO which severely impacts NR performance and can be summarized as:
· Near cell edge, while still connected to a serving cell, the NR UE selects PMI as if it was served by an interfering cell, hence false PMI selection and reporting
· This leads to a sharp drop in PDSCH throughput at cell edge
· PMI selection logged at UE, hence this issue is not due to poor UCI feedback channel quality
· The problem occurs whenever a CSI-RS resource from the serving cell collides with a CSI-RS resource from a neighboring cell 
· The problem occurs even though different seed is used for CSI-RS sequence generation in serving and interfering cell respectively
· As the analysis in this contribution shows, a cause of the problem is due the Rel.15 design that the same CSI-RS sequence is used for all CSI-RS ports in the CSI-RS resource
· To mitigate this, the UE must perform more advanced channel estimation, which is unnecessary complex and can be avoided if the problem with the CSI-RS design is mitigated
· It is argued that the false-PMI selection problem can be solved with cell planning of non-colliding CSI-RS in adjacent cells, however,
· Non-overlapping CSI-RS in different cells (reuse larger than one) introduces the need for cell planning which is cumbersome and against the reuse one principle of modern RAN
· Even if non-colliding CSI-RS is configured by the use of CSI-RS cell planning, colliding CSI-RS between different cells is very hard to avoid in practical networks even if such frequency reuse is adopted because the topology is much different from hexagonal and far away gNB with colliding CSI-RS still hits the UE 
· Simulations (see section 3.1) shows that the peak PDSCH throughput performance when using colliding CSI-RS (with a new Rel.17 CSI-RS sequence) is better than when non-overlapping CSI-RS. Hence, it seems it is better to have another, well designed CSI-RS as interference than PDSCH. 
· Deliberately configuration of colliding CSI-RS has huge benefits for operators as it relives the need for network planning of CSI-RS, ease of migration and densification, lower interference and minimal overhead. This is elaborated in Section 4.
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Figure 1 Illustration of the observed problem from field testing with commercial Ues. The Ues served by gNB 1 are reporting PMII instead of PMID where PMII is the PMI the UE would report if served by gNB 2.
To solve this problem, we suggest the following
1. [bookmark: _Toc67653820]Correct the CSI-RS design as a TEI-17 to remove the false PMI reporting problem.

Note that the repetition of same sequence of multiple CSI-RS ports also lead to high PAPR of the CSI-RS transmission and was discussed to be corrected in Rel.16 eMIMO WI. However, RAN1 was divided on the severity of the issue for CSI-RS and it was concluded to be non-consensus to correct this problem. Only DM-RS PAPR was corrected in Rel.16. 
It now turns out that the same problematic CSI-RS design with repetitive behaviour also creates the false PMI problem and if a resolution is introduced by this TEI, it can be designed to resolve both PAPR issue and false PMI selection issue.
~
[bookmark: _Toc67653812]Using measurements using commercial NR UEs from two different vendors, the PMI reporting fails at low SINR. It seems the PMI reporting when nearing the cell edge behave as the PMI reporting the UE would have been reporting if instead served by the interfering cell. This leads to a ignificant drop of throughput of NR at cell edge. 
~
The following sections provides an in-depth analysis of the cause of the problem and why configuration of non-colliding CSI-RS is not a solution that is attractive or even work in all deployments. In this section, we give the standardization based solution together with simulation results that shows that the issue completely disappears.  
To summarize, the solution makes the interference from an adjacent base station that transmit CSI-RS appear as spatially white noise at the receiver. This is accomplished by introducing a port specific scrambling of CSI-RS ports while preserving orthogonality between the ports of a CDM group.  
The solution is illustrated by Table 1 for the 4 port CSI-RS resource from row 4 of 38.214, where a new Rel.17 sequence  per port  (is introduced and which is multiplied with the original sequence. The index  runs over the resource blocks, so in each RB, a new value of  is used for each port. If the CDM group spans multiple OFDM symbols, the same value  is used in all these OFDM symbols. 
[bookmark: _Ref67324323]Table 1 TEI-17 proposal to the CSI-RS sequence, to solve the false PMI reporting issue observed in the field
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The sequences  can be based on the existing Gold-31 pseudo random sequence already used throughout the 38.211 specifications. 
1. [bookmark: _Toc67653821]As a TEI-17, support a port specific multiplier sequence to the CSI-RS resource sequence to remove the false PMI reporting issue.  
~
[bookmark: _Toc67653813]Using raw CSI-RS channel estimates (K=1) that doesn’t utilize the processing gain of the use of pseudo-orthogonal sequences in different cells exaggerate the problem of false PMI selection
~
[bookmark: _Toc67653814]Due to the use of same sequence sample for all CSI-RS ports, the spatial covariance matrix is dominated by the spatial covariance of the CSI-RS transmitted from the interfering cell if raw channel estimation samples are used
~
[bookmark: _Toc67653815]If per port sequence is introduced, the spatial interference covariance matrix is randomized and appear “close to spatially white”, which reduce the problem as the spatial colored property in the covariance matrix from the interfering cell is removed 
~
[bookmark: _Toc67653816]So far only Type I CSI feedback has been analysed, the false PMI selection issue may be even more pronounced for Type II CSI feedback. In addition, the impact of this on any new CSI feedback schemes introduced in future releases is at risk. Hence, leaving this issue unsolved may yet again hit us back in a future release.  
~
[bookmark: _Toc67653817]Network deployments where cell planning is used for CSI-RS can only partially mitigate the problem in the general case, due to strongly interfering stray signals transmitted from cells further away which are commonly observed in e.g. metropolitan deployments.
~
[bookmark: _Toc67653818]Network deployment with colliding CSI-RS between all cells have significant benefits to the operator in terms of no need for such network planning, ease of network densification and evolution when adding new sites, lower reference signal overhead and low interference at low load in network. Deploying with non-colliding RS should be avoided due to these reasons. 
~
[bookmark: _Toc67653819]It must be ensured that UE implementation is prepared well for colliding CSI-RS (including TRS and all other uses of CSI-RS), and RAN4 test cases should include colliding CSI-RS deployments. Further note that such a test case with two TRS is currently being considered in RAN4 for multi-TRP operation in Rel.16



Based on the above contribution, following TEI proposal can be discussed in RAN1#104bis-e meeting.

TEI proposal #4
· Correct the CSI-RS design as below to remove the false PMI reporting problem
· Support a port specific multiplier sequence y^(p^’ ) (n)  to the CSI-RS resource sequence

This proposal is already supported by Ericsson, NTT DOCOMO, Softbank, Verizon and T-Mobile USA.
Companies are encouraged to check above TEI proposal and to provide feedback if any in below.
	Company
	Comment

	NTT DOCOMO
	We support the proposal. We believe this issue could happen in any of operation with more than 4 CSI-RS ports operation, and once it happens, large performance degradation is observed. Thus, we support the proposal to solve the issue

	FUTUREWEI
	This is also depending on how UE implements the PMI selection algorithm. It is an issue if UE performs PMI search according to the scheme described in the paper. We’d like to know how UE vendors see this issue and proposal. In order to agree to work on the solution of this issue, the group needs to verify the issue.

	SoftBank
	We support on this proposal.

	Vodafone
	In principle we are in favour of this enhancement, however we would like to understand how older UEs will work with this new functionality, i.e how backwards compatibility is going to be handled.

	Intel
	Open to the enhancements proposed in this TEI, but from NW perspective it increases CSI-RS overhead assuming that legacy CSI-RS still needs to be transmitted. 
As an alternative option to solve the issue is to define requirements in RAN4 to avoid over-simplified approach of CSI-RS processing based on correlation. 

	Samsung
	We share the view from FUTUREWEI. 

	Orange
	We support the overall goal to ensure that colliding periodic reference signals among neighboring cells does not degrade the performance of the network. 
It simplifies the network planning and reduce the interference from reference signals to PDSCH as stated by Ericsson.
However, we wonder about the right way to proceed. For the specific issue at hand (mismatched PMI report at border cell) we share the same analysis as Intel. There are two alternatives:
1. Specify RAN4 requirements such that the CSI-RS  channel estimation per port is averaged over a sufficient number of PRBs 
· Pros:  no need of dedicated CSI-RS resources for Rel. 17
· Cons: UE channel estimation complexity
2. Introduce a new scrambling design per port for Rel. 17
· Pros: no increase in UE complexity
· Cons: CSI-RS overhead, it would be good to quantify the typical and worst case scenarios (i.e., all Ues supporting 32 antenna ports and Ues with 8,16,32 antenna ports in the network)
If alternative 1 is deemed not feasible, we support Ericsson proposal.

	Vivo
	We are open for discussion, however smart UE implementation can avoid the problem.

	Nokia, NSB
	We are open for the proposal, but would see it more practical if the RAN4 requirements and test cases would ensure a more optimal implementation based on existing CSI-RS. That way all “smart” UEs would get the benefit in all the networks.
If the UEs are not having sufficient motivation to implement “smart” R15 CSI-RS based PMI estimation, what would be the incentive for the UEs to implement a new Rel-17 CSI-RS design for the very same purpose, when that can only be used in those networks that deploy the new CSI-RS. There may also be some negative system implications at least when CSI-RS common for multiple UEs is used, and having different UEs with different CSI-RS designs causes additional overhead. 

	Huawei, HiSilicon
	From our side, we don’t observe similar issues as described in R1-2103703, from both practical network and UE sides. Depending on the implementation, there are some proprietary optimizations to mitigate the risk of false PMI report, by both gNB implementation and UE CSI processing. Therefore, the motivation for this TEI proposal is not yet seen.   

	ZTE
	In general, we think it would be good to solve the false PMI reporting issue if it happens frequently. However, this issue has not been observed by us so far and we may need some time to check further.  Besides, some other solutions are considered from our perspective to check if the issue can be mitigated, such as 
· Choose proper CSI-RS configuration, e.g. for 8 port CSI-RS, choose row 7 CSI-RS configuration in Table 7.4.1.5.3-1 of 38.211. In such case, CSI-RS port in different OFDMs will have different sequences. 
· Make sure such UEs to increase number of samples K > 1, e.g. K equals to subband size when UE calculates RHH. i.e. RAN4 solution described by some companies
· Per CDM group sequence which is the same as LTE CSI-RS design in which we haven’t found any issues so far
The first two solutions may not need RAN1 spec impact. If only a small number of cell-edge UEs suffer such false PMI issue, we can also consider non-colliding CSI-RS resources along with rate-matching using ZP-CSI-RS for those UEs.  Overall, if this is really a serious issue, it would impact the performance of legacy UEs also.  So it may be more preferable to have standard transparent solution instead.    As some other companies pointed out, the extra overhead of setting up additional set of CSI-RS resources may offset the potential benefit of the proposed scheme.  It seems more careful check is needed on the seriousness of this issue and the potential gain from the proposed scheme vs RAN1 spec-transparent schemes.

	Qualcomm
	We are open to discuss and consider the proposal further

	AT&T
	We are supportive of the proposal to solve the false PMI reporting issue in TEI17.  The solutions presented can be used as a starting point and evaluated further.

	Ericsson
	Some comments based on your questions:
· Please try to repeat and verify the issue, either by simulations or even better by measurements in the field.  
· For Huawei and ZTE, I’d like to verify that you used overlapping CSI-RS in the cells, or did you do cell planning (i.e. shift) of CSI-RS resources? Cell planning avoids the false PMI issue and for these cases the false PMI issue is not seen. But the need for cell planning has other drawbacks as discussed in our tdoc and commented by operators above. 
· For ZTE, thanks for pointing out the 8 port special case (row 7), but I think we need a more general solution that applies to all port numbers
· We have not yet studied the impact from this on CSI Type II reporting. As Type II feedback is used for DL precoding in MU-MIMO, it is likely even more sensitive to such false PMI reporting. I see a risk that “implementation based” solution doesn’t work well for Type I even if they give decent performance for Type I (e.g. using cell planning of CSI-RS)
· Per CDM group sequence is also analyzed in our contribution, it doesn’t give as good decorrelation as the per port sequence. Hence, it is expected that per port sequence will perform better. 
· Yes, this will increase the CSI-RS overhead since double CSI-RS resources is needed for legacy and Rel.17 and later UEs. However, the overhead from periodic CSI-RS is typically small and the net gain is expected to be positive. 
· The RAN4 approach is also possible to pursue if a RAN4 test can verify that the issue has been solved. Currently RAN4 is discussing advanced receivers with inter-cell interference. If colliding TRS and CSI-RS is used there, it could help the situation. Please also discuss with your RAN4 colleauges. 

	MediaTek
	We do not support this TEI proposal with the following reasons.
1. There has been inter-cell interference mitigation mechanism in place since R15. There is no missing critical technical component in the spec. 
1. There are UEs already implemented descrambling over neighbor cell interference. Procedurally the proposal does not qualify as R17 TEI but a new spec’s mechanism designed for enabling certain UEs to upgrade to new RRC without changing low-level CSI-RS channel estimation implementation
1. For R15/R16 UEs already implemented descrambling over neighbor cell interference, they will not be able to support this R17 TEI without low-level CSI-RS channel estimation change. Therefore, gNB still needs to separate CSI-RS configuration into two groups: one with newly adding per-port scrambling and the other with regular pre-R17 setup. This introduces extra CSI-RS overheads per cell and defeats the purpose of simplifying network planning from avoiding CSI-RS reuse





NR Positioning support for TA-based positioning in E-CID
Following proposal is made in the contribution.
	[4]
	TA-based methods were already available in LTE for E-CID positioning, which were mainly used for meeting important regulatory requirements (e.g. localization during emergency calls). It is essential that when operators deploy NR Network and migrate from the LTE-based TA type 1/type2 solutions, NR positioning should also be capable of providing this same important functionality, instead of a downgrading, which we have today. 
Specifically, not every network element (gNBs, LMFs) or Ues may support Rel-16 UL SRS or DL-PRS based positioning – this is especially true in multi-vendor scenario environments, where network elements are coming from different vendors, and hence the possibility of interoperability issues which may lead to longer deployment period. Therefore, solutions similar to LTE which are based upon simple basic communication procedure such as TA should be made available to address such migration issue in a timely manner, and meet the same requirement for 5GS on providing UE location information during emergency calls.

1. [bookmark: _Toc68640943]Measurements and reporting similar to LTE TA Type1, Type2 are also needed in NR to provide positioning solutions to meet regulatory requirements and to ensure seamless positioning solutions when migrating from LTE to NR. 

Besides helping to comply with regulatory requirements, TA measurements could also improve latency. Release 17 NR positioning use cases have considerably lower latency requirements compared to Release 16 and in [1] it was indeed observed that the latency could be greatly reduced if the network can report existing measurements based on timing advance, instead of using the PRS-based gNB Rx-Tx time difference measurement.  Moreover, re-using already available measurement such as TA could help complementing the other measurement reports (such as PRS/SRS based reports) without introducing more RS overhead. 

[bookmark: _Toc68640944]The network can report TA-based gNB RxTx time difference measurement without additional RS overhead cost or additional LPP signalling. 

When looking at the LPPa/NRPPa specifications, in E-UTRA RAT the eNBs/ng-eNBs are able to report E-UTRA Angle of Arrival and Timing Advance Type 1/Type 2 in E-CID to the location server. Timing Advance Type 2, which is eNB Rx-Tx time difference measurement, is based upon PRACH (as seen in TS 36.214 extract below), which is considered a usual and required measurement to be signalled by UE to gNB in order to perform communication. Thus, it should already be supported by all networks.

	5.2.4 Timing advance (TADV)

	Definition
	Type1:
Timing advance (TADV) type 1 is defined as the time difference 

	TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.

Type2:
Timing advance (TADV) type 2 is defined as the time difference 

	TADV = (eNB Rx – Tx time difference),
where the eNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE or similarly NPRACH from the respective NB-IoT UE..







In this respect, Type 2 TA is only dependent on the gNB reporting and does not introduce any new measurement or reporting from the UE side, or any big system level impact. Therefore, the specification impact to support TA type 2 would be very limited, and it would not impact the UE. 

[bookmark: _Toc68640945]TA type 2 does not impact the UE 
To provide the full solution as in LTE and address this RAT migration downgrade, reporting of TA type 1 is also necessary. However, the inclusion of type 1 TA may have more specification impacts on RRC and on the UE. RAN1 can further discuss whether it is worth introducing both TA types in NR as TEI or introducing Type 2 only and further studying the introduction of type 1 in RAN1 during release 17. 

[bookmark: _Toc68640946]While the addition of TA type 2 can be simple and straightforward, from 3GPP point of view, type1 TA can have more specification impacts (e.g RRC) and on Rel-16 UEs 

Considering the important issues of interoperability and RAT migration, as well as the difficult contexts of 2020 and 2021 years – making positioning a crucial technology – we propose to focus this TEI on addressing the gap between LTE and NR by introducing the NR type-2 TA, similar to LTE definition. The specifications changes will be the timing advance definition in TS 38.215, and support of NRPPa reporting of NR TA as part of NR E-CID. For the NRPPa change, the reader can find an example in the Annex section of this paper. For the 38.215 changes, a draft CR can be found in [2].

Proposal 1 [bookmark: _Toc68640948]Define the timing advance measurement for NR as follow:
[bookmark: _Toc68640949]Type2:
[bookmark: _Toc68640950]Timing advance (TADV) type 2 is defined as the time difference 

[bookmark: _Toc68640951]	TADV = (gNB Rx – Tx time difference),
[bookmark: _Toc68640952]where the gNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE..

Proposal 2 [bookmark: _Toc68640953]Extend the gnodeB Rx-Tx definition to include the PRACH based measurement:
· [bookmark: _Toc68640954]TgNB-RX is the Transmission and Reception Point (TRP) [18]  received timing of uplink subframe #i containing SRS or PRACH associated with UE, defined by the first detected path in time.
· [bookmark: _Toc68640955]TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

· [bookmark: _Toc68640956]Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.
[bookmark: _Toc68640957]
· PRACH is used to determine the start of one subframe containing PRACH. 

Proposal 3 [bookmark: _Toc68640958]RAN1 to discuss whether to include type 1 TA measurement and reporting as well, or leaving  it for further study for RAN1 during rel17 positioning enhancements

Proposal 4 [bookmark: _Toc68640959]Send an LS to RAN2 and RAN3 with the agreement to add Type 2 TA reporting for NR so that their corresponding specification changes can be updated.

	[5]
	0. gNB Rx – Tx time difference

	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18]  received timing of uplink subframe #i containing SRS or PRACH associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.
PRACH is used to determine the start of one subframe containing PRACH.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.



0. Timing advance (TADV)

	Definition
	Type2:
Timing advance (TADV) type 2 is defined as the time difference 

	TADV = (gNB Rx – Tx time difference),
where the gNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE..






Based on the above contribution, following TEI proposal can be discussed in RAN1#104bis-e meeting.

TEI proposal #5
· Define the timing advance measurement for NR as below
· Timing advance (TADV) type 2 is defined as the time difference TADV = (gNB Rx – Tx time difference), where the gNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE
· Extend the gnodeB Rx-Tx definition to include the PRACH based measurement
· Discuss whether to include type 1 TA measurement and reporting as well, or leaving  it for further study for RAN1 during rel17 positioning enhancements
· Send an LS to RAN2 and RAN3 with the agreement to add Type 2 TA reporting for NR so that their corresponding specification changes can be updated

This proposal is already supported by Ericsson, Polaris Wireless, Verizon, Intel, NTT DOCOMO, China Telecom, FirstNet and Deutsche Telekom.
Companies are encouraged to check above TEI proposal and to provide feedback if any in below.
	Company
	Comment

	NTT DOCOMO
	We support the proposal. TA based positioning is helpful to obtain moderate positioning metric since NW can measure gNB Rx-Tx time difference without any dedicated signaling (e.g. DL-PRS, SRS for positioning). In addition, introducing Type 2 TA based positioning has minimum spec impacts.

	FUTUREWEI
	Why call this TA-based positioning? Currently we can compute the RTT that is equivalent to  Type 1 w/o needing formal specification  effort using the  gNB Rx-Tx and UE Rx-Tx measurements that are already supported in 215. Do we need to  necessarily add Type 1 to support Rel-16 positioning? The CR talks about Type 1 as further disc (Prop 3) seems unrelated to the aim of this proposal which is to  introduce a Type 2 measurment for the reason given above that specs already support Type 1 transparently for Positioning.
Another observation is that this proposal does not need to be done in the context of positioning since in general since this TA can be used for other purposes and not just positioning. We think the use of a PRACH based TA for positioning in the context of the estimation of RTT has been raised during the study of R16 and R17 postioning WI. What additional positioning benefits in addition to what also doable with gNB/UE Rx-Tx measurements?

	Intel
	We support the proposal.

	Samsung 
	We also seek a clarification on this TA based positioning. 
1. What is the difference between it and gNB Rx-Tx time differencne measurement as asked by FUTUREWEI as well? It seems the difference lying on only that currently only SRS is supported but not PRACH?
2. Does it have anything to do with the TA acquisition (e.g., during RACH procedure using TA command)? Like using the signaling structure or sth?
3. We can see that enhancement on the E-CID can help latency reduction. But does this TA-based positioning need/be able to fulfill the accuracy requirement for Rel-16 or 17?

	CATT
	We support to introduce Type 2 TA reporting in TEI-17 for NR. We prefer to leave Type 1 TA reporting to Rel-17 positioning enhancement.

	Vivo
	We are not against to introduce Timing advance (TADV) type 2 assuming it has no impact to UE. Type 1 TA can be further discussed in Rel-17 ePOS or future release if needed. 

	Nokia, NSB
	Inroducing PRACH seems appropriate for a TEI17 and can be beneficial. 
Type 1TA could be further discussed in R17 ePOS or in future releases.

	Huawei, HiSilicon
	We support the motivation of the technical parts of this TEI proposal. However, it is not appropriate for a TEI to discuss changes to the WI scope, thus the 3rd main bullet should be revised or removed. 
Technically, if PRACH is used, it should be based on PDCCH order, so that stage-2 specifications TS 38.300 and TS 38.305 in RAN2 should also be included. Then it appears clarification would be needed on if this can be properly handled in at least RAN2, and possibly also RAN3 depending on how their specs would be impacted, given the strong discouragement of cross-WG TEIs by RAN.
In addition, we believe NTA-offset should also be included in the respective message along with Type-2 TA or added to the gNB Rx – Tx time difference in the Type-2 TA definition, see the figure below.

[image: ]

	ZTE
	This topic was discussed in Rel-17 positioning SI phase. Some companies had negative views on this since Rel-16 already supports Multi-RTT that can also be used for serving cell. From ou point of view, 
· Rel-16 Multi-RTT only supports gNB Rx-Tx time difference based on SRS, so it precludes the case that PRACH can also acquire similar information. In Rel-16 , UE Rx-Tx time difference can only be reported by UE through LPP, if we support this enhancement, network can still do positioning even UE can’t support LPP.
· It’s natural to extend to support what we have defined in LTE. Such enhancement is beneficial for positioning latency reduction and efficiency improvement.
There is an on-going positioning WI in Rel-17. Our preference is to update the scope of Rel-17 positioning WI rather than discuss it in TEI since this enhancement involves multiple WGs including RAN1/2/3, the workload should be clearer for the corresponding WGs if it is done in a proper WI.

	Qualcomm
	We would make this item lower priority compared to the others (relative to 2, 3 and 4). Among the options, there should be relatively higher priority given to those that would be supported by all UEs. 

	Ericsson
	Regarding comments on type1, We are ok with not considering type1 in the TEI scope. As mentioned in the comments, it could be discussed in future positioning work. With type 1 removed, we believe that all UEs would also support the TEI. 
Please find below some response/comments to the comments above. 
To Huawei: Regarding the stage2 impact: We agree.  In general once the RAN1 part is complete, the LS to RAN2/3 should include the expected spec impact. We propose to add RAN2 in the LS for stage2 specs impact.  Regarding the addition of NTA-offset: we think it could be added to the message to the LMF.  RAN3 could discuss this. 
To Samsung:  Regarding 1) It is correct, the current measurement is only defined for SRS, but not for PRACH. This is what the TEI aims to introduce. 
Regarding 2) we do not aim at changing the RACH procedure for the UE nor gNB. We only seek to introduce the measurement definition. 
Regarding 3) The TEI will allow operator to fulfill regulatory requirements for  NR in the same way as LTE. So, the target requirement for this TEI is the FCC requirement. 
To ZTE: our view is that it is more suitable to do this work in TEI for the type 2 case. We could discuss the type 1 extension during rel17 WI if there is a common interest for the enhancement. 





Enhancements on the scheduling of PUSCH over multiple slots
Following proposal is made in the contribution.
	[6]
	Following the timing order of DL/UL DCI formats, shown in Figure 1, UL DCI format transmitted in slot n+1 schedules a PUSCH transmission in slot n+k, so the second DCI format in slot n+2 is not allowed to indicate PDSCH if the corresponding HARQ feedback on PUCCH would overlap with the PUSCH in slot n+k. The total DAI in the UL DCI format, if any, count the DL grant in slot n only. 
[image: ]
[bookmark: _Ref67305234]Figure 1. Timing restriction on UL/DL scheduling for HARQ information multiplexed on PUSCH
The same timeline requirement, although not described explicitly in the spec, is also applied to the PUSCH with repetitions. However, due to the length of PUSCH transmissions in time, the requirement introduces more strict constrains on gNB scheduling.
By following the restriction, gNB is hard to schedule HARQ feedback report TDMed with PUSCH, especially PUSCH repetition is enabled. gNB cannot anticipate whether there will have or how many PDSCHs exactly to be scheduled when it delivers the UL grant On the other hand, PUSCH repetition is generally enabled for a UE at cell edge to enhance the UE’s coverage, and within a slot, gNB may also tend to configure as many symbols as possible for PUSCH, e.g. the whole slot, to gain the better coverage and throughput. Therefore, the avoidance of overlapping in each PUSCH slot seems quite difficult for gNB scheduling.
If the overlapping between PUCCH and PUSCH cannot be avoided in the slots of PUSCH repetition, gNB has to indicate the HARQ feedback after finishing PUSCH repetitions. Take an example for FDD system in Figure 2, UL DCI in slot n schedules a PUSCH transmission over slots from n+2 to n+5 and the number of symbols for each PUSCH repetition is 14. PUCCH conveying the HARQ feedback corresponding to PDSCH in slot n+1 is not allowed to transmit in the slots of PUSCH repetition, i.e. slot n+2 ~ n+5. So the earliest slot for HARQ reporting is slot n+6, which results in a large k1 value and delay for HARQ feedback. The delay would become larger if more repetition times are assigned for PUSCH, and the k1 value could be as high as (k2 + number of PUSCH repetition) slots.
[image: ]
[bookmark: _Ref67337676]Figure 2. Scheduling of HARQ feedback with timing restriction in FDD system
Observation 1: If PUSCH repetition is configured, the timing restriction on scheduling HARQ after UL grant introduces large delay for HARQ feedback, which could be as high as (k2 + number of PUSCH repetition) slots.
In Rel-17, the repetitions of PUSCH would be enhanced to transmit in available UL slots. In TDD system, UL and DL slots are configured in a pattern within a frame and PUSCH repetitions may occupy a series of UL slots. Illustrated in Figure 3, a DL domain frame is configured as DDDSU. In the slot 0 of frame N, UL DCI triggers PUSCH repetitions for 4 times and each repetition occupies 14 symbols like the example in FDD system. Consequently, for the consecutive UL slots for frame N and N+1, gNB cannot schedule PUCCH to transmit the HARQ information associate with the PDSCHs scheduled in the DL slots of both frames. In other word, due to the PUCCH scheduling restriction, the DL data transportation are blocked for dedicated k1 values. For example, if the value of k1, 7>k1>1, PDSCHs cannot be scheduled within any slots of frame N and frame N+1.
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[bookmark: _Ref67401465]Figure 3. Scheduling of HARQ feedback with timing restriction in FDD system
Observation 2: If PUSCH repetition is configured, the timing restriction on scheduling HARQ after UL grant causes PDSCH blockage for dedicated small k1 values.
If repetition is enabled for PUSCH, the scheduling restriction for HARQ feedback after UL grant introduced large delay for HARQ reporting, the PDSCH scheduling is also blocked due to lack of PUCCH resource. The latency of HARQ feedback is increased and the DL data rate is also slowed down. Therefore, optimizations on the scheduling restriction should be introduced to overcome the performance loss caused by the restriction.
Proposal 1: If PUSCH repetition is configured, the optimization of timing restriction on scheduling HARQ after UL grant should be considered to maintain the performance.
Another problem is how to keep the DAI mechanism work properly. As explained above, the total DAI in the UL DCI format counts the number of PDCCH already sent to UE and reflects how many HARQ bits in total, the UE should be reported. If the timing restriction on DL/UL scheduling order, DAI enhancements are also needed to let UE know the number of HARQ bits.
Observation 3: The total DAI in a UL grant counts the number of PDCCH already sent by gNB before the UL grant.

The optimization of the scheduling restriction can be considered from two aspects. First, to apply the timing requirement to part of PUSCH repetitions, e.g. initial PUSCH repetition. For dynamically scheduled PUSCH repetitions, the first transmission is similar as the single slot PUSCH transmission, gNB could acknowledge the traffic more easily in the first slot than others. It could also avoid the overlapping possibly by scheduling. Following the time restrictions seems acceptable. On the other hand, to have a unified design with single slot PUSCH, which could decrease the implementation complexity of gNB and UE, applying the timing restriction for the initial PUSCH repetition is a feasible way. For avoiding introducing too much latency and blockage of DL data, the non-initial PUSCH receptions can piggyback the HARQ information for these PDSCHs scheduled after UL grant, shown in Figure 4. 
The other method is to release the restrictions for all the PUSCH repetitions. No matter initial or non-initial PUSCH repetitions, all of them can convey the HARQ bits for PDSCHs indicated after the UL DCI. This will bring a higher level of flexibility for gNB scheduling, however, this solution may have a more serious impact on the usage of total DAI in UL DCI. A new DAI mechanism is possibly needed to count the number of PDCCH receptions before and after UL grant.  Considering the impact on the DAI mechanism and limited time for TEI discussion, the first approach seems a more acceptable way for optimization.
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[bookmark: _Ref67409807]Figure 4. Apply the timing restriction to the initial PUSCH repetition only
[bookmark: _Hlk68787121]Proposal 2: The time restriction on scheduling HARQ after UL grant is only applied to initial PUSCH repetition, and HARQ information bits corresponding to the PDSCH(s) scheduled after UL grant which triggers the PUSCH transmission are allowed to be multiplexed on the non-initial repetitions.

The optimization of timing restriction in section 2.1 relaxes the scheduling of PUCCH and makes it possible to piggyback the HARQ information corresponding to PDSCHs scheduled later than the instance UL DCI received, but just as the explanation in section 1, the follow-up DL grants are not covered the by the total DAI in UL DCI format and mechanism of DAI cannot work properly. Hence, to resolve this issue and align the number of HARQ bits on PUSCH between gNB and UE, enhancements on DAI should be studied.
If the option 1 is taken to optimize the scheduling restriction, the total DAI in the UL DCI format can be still applied to the first PUSCH repetition. However, due to the allowance for multiplexing more HARQ information bits on non-initial PUSCH repetitions, the total DAI in UL grant cannot indicate the number exactly on those PUSCH repetitions. A feasible way is using the DAI in the last DL DCI instead, either total or counter, to count the quantity of PDCCH monitoring occasion and calculate the number of HARQ bits.
Since all the PUSCH repetitions can multiplex the HARQ information scheduled after UL grant in option 2, DL DAI in the last DCI can be used to generate HARQ codebook on each PUSCH repetition including the initial one. Following the procedure of HARQ codebook generation, more than one PDSCH could have feedbacks on same slot, if the PUCCH resource indicated in the last DCI associated with these PDSCHs overlaps with PUSCH repetition(s), UE utilizes the counter/total DAI in the last DCI to calculate the number of HARQ bits piggybacked on a PUSCH repetition. However, the problem is the last DCI could be missed by UE, and when it happened, the number of PDCCH is not aligned between UE and gNB, neither the number of HARQ bits.
[image: ]
Figure 5. Update total DAI in UL DCI by the DAI in DL DCI 
To align the number of HARQ information bits, a way forward is to make the total DAI in UL DCI format used for HARQ quantity calculation in every PUSCH repetition. However, that will require the total DAI in UL grant covers not only the number of PDCCHs have sent by gNB before, but also the ones will be delivered after. Generally, the PHY of gNB may have no idea about how many PDSCHs will be transmitted in the next slots, to cover all the possible PDSCH receptions, gNB may set an upper bound as total DAI. Following current spec, the total DAI will be applied every PUSCH which would multiplex HARQ information. The challenge of this solution is the uncertainty for the future scheduling from gNB side, if there is no exact estimation of the PDSCH quantity, the total DAI in the UL DCI format is hardly to set accurately. If the total DAI set too large, additional resource cost is brought.  If the DAI is set too small, it will also limit the potential PDSCH receptions so that to degrade the downlink data rate.
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Figure 6. Total DAI in UL DCI cover all past and future DL grants
DCI format 2-4 is introduced in Rel-16 to cancel the PUSCH transmission scheduled previously. A similar operation may be taken by gNB as well that a new DCI is sent to UE to update the DAI value just before the PUSCH transmission subject to the timeline conditions. Shown in Figure 7, UL DCI_2 is transmitted to UE to update the total DAI value which is notified by UL DCI_1 in slot n+1, to incorporate the new DL grant in slot n+2. 
[image: ]
[bookmark: _Ref67429225]Figure 7. New UL DCI delivered to update DAI value
Consider the signaling overhead and potential spec efforts to introduce a new DCI format, the third option is less attractive. The second option introduces a novel method to fix the last DCI missing issue, but meanwhile it also bring the complexity on gNB implementation. gNB cannot predict upcoming data transmission, neither the exact DAI value for future. An upper bound is a compromise way but the feasibility should be studied further taking the spectrum efficiency into account. Although the option 1 cannot handle the last DCI problem, it incorporates the design of single slot which introduces less standard efforts and more friendly with both gNB and UE implementation. Therefore, option 1 is preferred for DAI enhancements. 
Proposal 3: When the timing restriction on scheduling HARQ after UL grant is released for the non-initial PUSCH repetitions, DAI in the last DCI is applied to the non-initial PUSCH repetitions if there are HARQ information scheduled after the UL grant multiplexing on the PUSCH repetitions.



Based on the above contribution, following TEI proposal can be discussed in RAN1#104bis-e meeting.

TEI proposal #6
· Support the optimization of timing restriction on scheduling HARQ after UL grant when PUSCH repetition is configured
· The time restriction on scheduling HARQ after UL grant is only applied to initial PUSCH repetition, and HARQ information bits corresponding to the PDSCH(s) scheduled after UL grant which triggers the PUSCH transmission are allowed to be multiplexed on the non-initial repetitions
· When the timing restriction on scheduling HARQ after UL grant is released for the non-initial PUSCH repetitions, DAI in the last DCI is applied to the non-initial PUSCH repetitions if there are HARQ information scheduled after the UL grant multiplexing on the PUSCH repetitions

This proposal is already supported by Huawei and HiSilicon.
Companies are encouraged to check above TEI proposal and to provide feedback if any in below.
	Company
	Comment

	NTT DOCOMO
	We understand the motivation. On the other hand, using DAI in the last DL assignment instead of UL DAI seems not good way since if the DL assignment is not decoded successfully, PUSCH performance becomes degraded or gNB needs to do blind decoding. Without solution for this issue, we are slightly negative on this proposal.

	FUTUREWEI
	We understand the motivation and are ok to discuss for exact solutions including how to address the issue brought up by NTT DOCOMO.

	Ericsson
	The current restriction on DL scheduling after UL grant as illustrated in Figure 1, has caused serious issues in real deployments, specially for TDD. The proponet of the proposal has well described the resultant issue in case of PUSCH repetition where the negative consequent of this restriction can also be observed when UL grant triggers A-CSI reporting (with or without UL SCH) where due to very long timeline requirements for CSI reporting (in order of multiple slots). 
Therefore, we strongly support to study and develop solutions that can relax the restrictions on DL scheduling after UL grant with UCI multiplexing on PUSCH. The solutions should be general to address the root of problem such that the related issues caused by PUSCH repetition as addressed here, as well as A-CSI reporting on PUSCHt are resolved.
Summary: 
· Current restriction on DL scheduling after UL grant has severely impacted the system performance in real deployments, specially in case of TDD, by imposing large scheduling delay.
· We strongly support to study solutions to relax the current restriction on DL scheduling after UL grant in general, such that corresponding issues e.g. for PUSCH repetition as wel as triggering A-CSI on PUSCH, are resolved.

	Intel
	We understand the intention, however, issue may still exist if UE misses the last DCI for scheduling PDSCH. This would again create ambiguity between gNB and UE side on the HARQ-ACK codebook size. 

	Samsung
	We don’t see the motivation. 
Specifically, if a gNB want to multiplex HARQ-ACK on PUSCH, a DCI scheduling PUSCH should be allocated in right before corresponding PUSCH transmission satisfying minimum processing time (N2) in order to include HARQ-ACK as much as possible. Also, HARQ feedback latency can be alleviated by reusing Rel-16 prioritiztion rule, i.e., HP PUCCH cancels LP PUSCH.

	CATT
	We are ok to discuss this proposal.

	Vivo
	The issue is valid (gNB scheduling constraint for PDSCH in case of large number of DG-PUSCH repetitions). This issue has been identified in Rel-17 coverage enhancement WI, we suggest to continue discussion in coverage WI to find a suitable solution. 

	Nokia, NSB
	We agree with the issue, and would be interested to proceed with the solution either as TEI17 or part of CovEnh. 

	Huawei, HiSilicon
	[bookmark: OLE_LINK7]As described in R1-2103745, we do see scheduling of PUSCH over multiple slots should be enhanced due to the restriction that scheduling HARQ is not allowed after UL grant. Details can be found in our paper R1-2103745.     
As to the solutions, we are open with any solution as long as it can address the issue.  

	ZTE
	We acknowledge that there are some scheduling restrictions for the concerned case. However, it is fully up to gNB implementation on how to perform the scheduling. There could be multiple ways to schedule a PDSCH after the UL grant scheduling a PUSCH without multiplexing the HARQ-ACK corresponding to the PDSCH on the PUSCH. Below are two examples. 
1) Enable PUSCH repetition type B for PUSCH. By configuring some UL symbols/slots as invalid symbols/slots by invalidSymbolPattern for PUSCH repetition type B, the PUCCH carrying HARQ-ACK for the PDSCH scheduled after the UL grant can be transmitted on these invalid symbols/slots. 
· “The UE may be configured with the higher layer parameter invalidSymbolPattern, which provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by invalidSymbolPattern). A bit value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol for PUSCH repetition Type B transmission. ”
2) Schedule 7-symbol PUSCH per slot for the PUSCH repetition with potentially increasing the number of repetitions if necessary. In such case, the PUCCH carrying HARQ-ACK for the PDSCH scheduled after the UL grant can be transmitted on the remaining symbols, with or without enabling PUCCH repetition. 
In addition, it seems the proposed optimization may introduce some specification impact which might be too big for a TEI. For instance, how to design the UL DAI, how to incorporate the case for UL skipping, and how to consider intra-UE multiplexing if PHY priority is considered as discussed in Rel-17 etc. 
Overall, we think this TEI proposal can be further discussed and considered only if clear benefit is shown compared to the implementation methods based on the current spec.

	Qualcomm
	Would prioritize this topic lower compared to others (comapared to 2, 3, 4) but open to discussing it furter.

	Huawei, HiSilicon #2
	Here we give replies to the comments above, for further discussion.
NTT DOCOMO and Intel comment: Using DAI in DL DCI format instead the one in UL DCI, last DCI may be missing to misalign the number of HARQ bits between UE and gNB.
Reply: Missing the last DCI is possible and will cause the misalignment of HARQ bits. That is the problem in using DL DAI, but using DL DAI is a simple way with limited spec changes. As the total DAI in the UL DCI, it counts the total number of PDCCH monitoring occasions just before UL grant, which cannot cover the upcoming DL DCI formats after the UL grant. An extended usage of UL DAI can be also considered to maintain the T-DAI metric, we are open to discuss solutions here.  

ZTE comment: Timeline and multiplexing rules changes.
Reply: No timeline changes actually. In Rel-15/Rel-16, the multiplexing timeline for PUSCH repetition is considered repetition by repetition. It means timeline checking is applied repetition by repetition and once the overlapping PUSCH repetition satisfies the timeline condition, UCI can be multiplexed. For example, if only the second repetition overlaps with a PUCCH, if the second PUSCH and PUCCH fulfill the multiplexing timeline, UCI would be piggybacked. So the proposed changes just the allowance of the DL scheduling after UL grant, while the same multiplexing rule should and also can be met. The multiplexing rules are not changed either. There is no new multiplexing scenario/case added in our understanding. If companies could find any, we would like to discuss it as well.     

ZTE, Samsung: Avoid by scheduling, e.g. TDM PUCCH and PUSCH, apply PUSCH repetition type B, scheduling high priority PUCCH
Reply: Avoidance by scheduling is generally worth considering as a default behavior to handle issues, but the question is always whether gNB can handle it actually or at what a cost to avoid it. It can be understood for URLLC services, gNB could schedule short PUSCHs for a quick data transmission or PUSCH repetition type B for short latency. A higher priority can be also assigned to preempt the low priority transmission for URLLC as well. However, for the eMBB service, the issue is serious. It cannot be assumed for each PUSCH repetition slots, there will be a few symbols reserved for potential PUCCH transmission. That will decrease the throughput of the system. It cannot be guaranteed either, that all the DL HARQ feedback scheduled after UL grant corresponds to high priority URLLC services. It is hard to fix the issue by gNB scheduling alone. Further enhancements, especially for eMBB traffic, are needed.

Vivo: It is covered in CE WID
Huawei, HiSilicon: We are not sure which part(s) of the CE WI discussion vivo refer to. Could the comment be clarified?

	
Ericsson
	
As we described previously, the impact of restrcitons on DL assignments after UL grant, has serious consequences on TDD systems. 
Consider the example below that triggering A-CSI on PUSCH, due to timeline requirements for CSI computation, requires larger K2 value than scheduling a PUSCH without A-CSI report. This results of extra delay for the scheduled DL after grant.
The issue is that the restrcitons impact the NW performance.
The lack of consensus on agreeing to a solution in Rel-15 has resulted to such restrictions, and not the lack of solution.
Consideirng the consequneces of such restrictions on real TDD deployment, we strongly support to study how to find a solution such that this restriction can be relxed to improve NW performance.
 
[image: ]


	vivo2
	In last meeting under PUSCH repetition agenda (this agenda is not being discussed in this meeting), there were contributions discussing this issue and also captured in FL summary. We believe it will be handled in CE. 




3. Conclusion

Following is the guidance provided by RAN1 chair.

continue Q&A-like discussion till the end of the e-meeting


Reference
[1]	R1-2102671	Discussion on issues of NR codeword mapping	ZTE
[2]	R1-2103196	Rel-17 TEI Topics	Qualcomm Incorporated
[3]	R1-2103703	TEI-17 proposal targeting the false PMI reporting issue	Ericsson, NTT DOCOMO, Inc., Softbank, Verizon, T-Mobile USA
[4]	R1-2103740	NR positioning support for TA-based positioning in E-CID (TEI)	Ericsson, Polaris Wireless, Verizon, Intel, NTT Docomo, China Telecom, FirstNet, Deutsche Telekom
[5]	R1-2103741	Introduction of type 2 Timing Advance measurement	Ericsson, Polaris Wireless, Verizon, Intel, NTT Docomo, China Telecom, FirstNet, Deutsche Telekom
[6]	R1-2103745	Enhancements on the scheduling of PUSCH over multiple slots	Huawei, HiSilicon
[7]	RP-191602	Handling of TEI & contribution submission in RAN WGs for NR and LTE	3GPP RAN TSG and WG1/2/3/4 Chairmen
[8]	RP-210826	Handling of TEI CRs	ETSI MCC

Appendix: TEI guidance in [8]

A.	TEI Work Item codes shall only be used for small technical enhancements and improvements.
This is how TEI was and is defined and it means that bigger topics should be done in an own WI.
B.	A TEI CR set shall be fully completed within one TSG cycle/quarter in all affected WGs.
This requirement from TR 21.900 was never challenged. It also clarifies that only complete sets can be approved.
C.	TEI Work Item codes shall not be used where another appropriate Work Item code exists.
This repeats the rule from TR 21.900 and it means that TEI cat.F CRs shall be an exception. Note: The CR author is supposed to find out which former CR introduced an error in the spec and the cat.F correction should then use the same WI code. So in theory, cat.F TEI CRs should only be needed to correct cat.B/C TEI CRs of the past.
D.	Inter-TSG aspect:
D1.	Normally, for TSG SA/CT work that requires cat.B/C CRs from RAN WGs a RAN WI is required..
This is what RAN applied in the last decade (if not longer). This also covers the strong discouragement of cross TSG TEI CRs expressed in RP-191602 slide 3.
D2.	In case the RAN work triggered via a TSG SA/CT WI* is small and it affects only one RAN WG, then the RAN 	WG CR(s) shall use the WI code* of the TSG SA/CT WI that triggered this work. 
NOTE: *: provisional WI codes, companion WIDs/"mini-WIDs" are not meant here but already TSG approved proper WIs.
This is what RAN applied in the last decade. Note: As TSG RAN has no agenda items for all SA/CT WIs, this sort of CRs were usually submitted under a TEI agenda item but for traceability we shall not use a TEI WI code on such a CR.
(Note: D2. could work also in the other direction, i.e. if there is a RAN WI for which is turns out that only a small change would be needed in one SA WG or one CT WG. But you better consult TSG SA/CT before trying this approach.)
D3.	It is not possible to trigger work in RAN WGs via TEI CRs coming from TSG SA/CT or SA/CT WGs. The same applies for the reverse direction.
Otherwise "small" (TEI) but affecting multiple TSGs would contradict each other. (Apart from this, inter-TSG TEI CRs would also not work well together for cat.B/C CRs if SA/CT use a companion WID but RAN does not.).
E.	Inter-RAN WG aspects:
Section E. is addressing the problem that multiple RAN WGs work on the same feature but it is still intended to not have an own WI for this but to cover this feature under cat.B/C TEIxx (this is challenging time-wise and coordination-wise and therefore not a recommended approach but it is not forbidden). As RAN5 has introduced specific rules regarding the testing of TEI CRs, see RP-200931 [5] and since they use a different WI code (TEIxx_Test) and testing work is usually coming at a later stage, this section E. is considering linked TEI CRs of RAN1/2/3/4.
In a similar way: RAN1/2/3/4 Core part work happens usually in the same time interval while RAN4 Perf. part work usually happens at the end of or after the RAN4 Core part work. In other words, having a TEI CR package that combines Core and Perf. part work requires a very careful timing to not violate requirement B.
RP-191602 [2] provided some guidance on Cross-WG TEI CRs in RAN WGs:
-	Cross WG TEI CRs are strongly discouraged
-	RAN1/2 TEI proposals with RAN4 impact to core requirements are strongly discouraged
[bookmark: _Hlk67580046]-	RAN2 impact of RAN1/4-led TEI CRs shall be limited to RRC signalling of configuration parameters and 	UE capabilities (no MAC impact, no RRC procedural impact, etc.)
[bookmark: _Hlk67580600]Note: Ideally one RAN WG would take the decision about whether a TEI feature should be introduced or not and other RAN WGs then accept this decision and contribute their TEI CRs.
But as this guidance was not forbidding Cross-WG TEI CRs in RAN WGs some more requirements had to be defined how to guarantee traceability, consistency and visibility of this sort of CRs.
The basic requirements discussed in section E. were endorsed by TSG RAN in RP-202867 [7] but further clarification/guidance is provided here.
E.1	It is mandatory to fill out the "other specs affected" for all CRs, i.e. either Yes or No shall be ticked and
	if Yes is ticked at least the TS/TR shall be indicated and this for the present WG and all other WGs that 	have CRs linked to 	the present CR.
	TEI CRs missing this information or having wrong information shall not be approved.
These requirements were always there. But some clarification is required.
-	"other specs affected" is used to link CRs that belong together which is essential for cat.F CRs and for cat.B/C TEI 	CRs to guarantee that a complete set of CRs is approved. Note: For cat.B CRs of other WIs, we have an extra RAN 	agenda item for each of them and we usually approve all stage 3 CRs together. But for closed WIs or TEI CRs we 	have normally just one agenda item collecting a larger number of CRs and then the relation of the CRs becomes 	unclear if "other specs affected" is not filled out properly.
	NOTE: Other specs affected should also list inter-TSG related CRs if it is clear that these CRs can only be applied 	together. This usually involves a conditional approval at TSG level
-	"Other core specifications" under "Other specs affected" on the CR cover: Going back to RAN #46 of Dec.2009 	where TSG RAN decided to have separate Core part WIs and Perf. part WIs (in RP-091374) you can see from 	comparing with CR form v9.6 that the term "Other core specifications" is only intended to distinguish those specs 	from "Test specifications" and "O&M specifications" but not to exclude Perf. part related specs from "Other specs 	affected": This means as long as CR form is not updated "Other core specifications" should cover Core part 	specifications AND Perf. part specifications as defined in TSG RAN.
-	"Test specifications" under "Other specs affected" on the CR cover: Testing under TSG RAN is either done in 	RAN4 or in RAN5. Since RAN5 has separate WIs for testing that usually are also just started after RAN4 work is 	completed, it would not make much sense to reference RAN5 specs on a RAN4 CR as it is clear that the RAN5 CR 	will just follow later (here it is more appropriate to review the corresponding RAN5 WI when it becomes 	available).
	Examples where it could make sense to fill out this field: For RAN4 CRs to a WI that involve BS testing for the 	same WI/a linked CR. For CRs to SI TRs to which RAN4 and RAN5 contribute together with CRs. For a cat.B/C 	TEI CR of RAN1/2/3/4 that has a corresponding CR in RAN5 under TEIx_Test.
-	"O&M Specifications" under "Other specs affected" on the CR cover: O&M specifications are handled by SA5. 	SA5 has usually separate WIs for their changes and RAN CRs are not submitted to TSG SA or SA5, therefore the 	benefit of this field is higher within TSG SA. Nevertheless, there may be cases of tighter cooperation of RAN WGs 	with SA5 (like Minimization of drive tests) where it will be beneficial to indicate a related SA5 change coming to 	the same TSG meeting.
-	What needs to be done if WGx is assuming that TS/TR ab.cde of WGy is affected but they are not sure?
	WGx should list under "other comments" on the CR cover: "WGx thinks that also TS/TR ab.cde of WGy could be 	impacted by this CR." Depending on the probability WGx would tick Yes (and mention the spec) or No.
	CR proponents shall check this with WGy (e.g. by sending an LS from WGx to WGy, submitting a Tdoc in WGy, 	talking to the chairman of WGy) so that at the TSG meeting where WGx submits this CR for approval it is either 	clear that there is no impact or that the WGy CR is available as well for approval.
	NOTE: MCC has the possibility to correct CR covers before RAN submission (e.g. remove a potential impact 	comment if it turned out that there is no impact). But CR proponents need to inform MCC about this.
	Incomplete CR sets (i.e. WGx CR there but linked WGy CR not available) can not be approved at TSG level and 	since cat.B/C TEI CRs have to be completed within one 	quarter, this is time critical. 
	Therefore very good preparation of cat.B/C TEI CRs which affect multiple WGs is essential.
E.2	Each TEI cat.B/C CR and each TEI cat.F/A CR that corrects functionality related to an earlier TEI 	cat.B/C CR shall have a unique TEI identifier in square brackets [ ] at the end of the CR title on the CR 	cover sheet.
	TEI cat.B/C CRs without such a unique TEI identifier cannot be approved at RAN.
This principle was endorsed in RP-202867 [7] and further guidance for this approach is provided here:
-	The TEI identifier should be short (4 to 18 characters using letters and/or digits or using _ or - but avoiding blanks 	or other special characters which will complicate searches) and characterize the CR.
-	The originating company takes care that related CRs in other WGs use the same TEI identifier.
-	Unique identifiers are not added retroactively: Cat.F/A CRs for TEIs which did not have a unique identifier by 	RAN #91e  will not get a unique identifier.
-	Apart from plain TEI CRs, the unique TEI identifiers shall also be applied to NR_newRAT-Core, TEIxx CRs 	because NR_newRAT-Core was the huge WI for 5G.
-	As the unique idendifiers are part of the CR title, they will be automatically stored in the CR database. Therefore 	CR authors have to make sure that the complete CR title in 3GU is in line with the title on the CR cover.
-	For cases where it is not 100% clear whether a linked CR was agreed in another WG, it is the task of the CR author 	to double-check the situation in the week after the WG meeting and to inform MCC in case any updates of CR 	titles are required otherwise they risk that not properly linked CRs are rejected at RAN level.
E.3	WG chairman reports report to TSG RAN about all agreed and technically endorsed cat.B/C TEI CRs of 	the last quarter. For each unique TEI identifier all related CRs of the considered WG are listed plus the 	corresponding CRs in the other WGs (if there are any) or the potential impacts on other WGs.
How this is done is up to the chairman (e.g. it can be a slide with a table like the examples below, it can be an extra Excel table included in the zip file of the WG status report). The WG chairman could request inputs from MCC (Tdoc list filtered for agreed/endorsed TEI CRs) and all CR authors of the WG who had agreed/endorsed TEI CRs (to clarify whether there were related CRs in other WGs) and this could be condensed in such an overview.

Examples:
	unique TEI identifier
	feature
	Rel
	CRs in own WG
	CRs in/impacts on other WGs

	[HDUPLEX_unpaired]
	Modification to half duplex in unpaired spectrum
	Rel-16
	R1-211234 (38.213, cat.C)
	R2-2112345 (38.331 cat.C)



	unique TEI identifier
	feature
	Rel
	CRs in own WG
	CRs in/impacts on other WGs

	[intRAT_HO_NR_ENDC]
	Introduction of inter-RAT handover NR to ENDC
	Rel-16
	R2-2123456 (38.306, cat.B)
R2-2123457 (38.331, cat.B)
	potential impact on 38.133 for .... ?



	unique TEI identifier
	feature
	Rel
	CRs in own WG
	CRs in/impacts on other WGs

	[E2E_delay_meas]
	E2E delay measurement for QoS monitoring for URLLC
	Rel-16
	R3-211234 (38.413, cat.B)
R3-211235 (38.423, cat.B)
R3-211236 (38.463, cat.B)
	none



	unique TEI identifier
	feature
	Rel
	CRs in own WG
	CRs in/impacts on other WGs

	[DRX_coord]
	Introduction of DRX coordination
	Rel-16
	R4-2123456 (38.133, cat.B)
	R2-2112345 (38.331, cat.B)



-	what's the main goal of this activity? To have a checkpoint in each WG (RAN1/2/3/4) where after the WG meeting 	it is checked whether a complete CR set is available for all cat.B/C TEI features for TSG RAN; by comparing the 	tables of different WGs a cross-check is possible.
-	should this activity be limited to cat.B/C TEI CRs only? It would be useful to also list cat.F/A TEI CRs to correct 	formerly as cat.B/C TEI introduced features (corresponding CRs will have [ ] at the end of the Tdoc title and CR 	proponents will inform the WG chairman if there were any agreed/endorsed CRs lile this)
-	what about CRs for WI code combinations like "<WI code>, TEIxx"?
	These CRs appear when <WI code> was a WI of a Rel-yy with yy<xx.
	These CRs are usually well identified via <WI code> and would therefore not need any more tracking.
	But one exception should be made for <WI code> = NR_newRAT-Core as this was the generic NR WI that 	introduced the whole 5G and if we do not track "NR_newRAT-Core, TEIxx" as well, it could be used as a way to 	bypass this tracking activity.
-	How big is the expected effort: Double-checking TEI16 CRs of 2020, we had about 110 cat.B/C CRs from 	RAN1/2/3/4 together with ~50% 	TEI16, ~25% "NR_newRAT-Core, TEIxx" and ~25% other WI code, TEI16 	CRs. So this means ~20 CRs per TSG RAN meeting plus a few cat.F/A corrections to former cat.B/C TEIxx CRs.
-	What is TSG RAN supposed to do with the tables of TEI CRs from the WG chairmen? The impacts on other WGs 	have to be carefully reviewed (the earlier the tables from the WG chairmen are available the better, ideally at latest 	1 week after the WG meeting): If WGx expected a CR from WGy but WGy did not provide such a CR, then there 	are 2 possibilities: The CR from WGy was not needed (then this will be documented e.g. in the RAN minutes or in 	a revised WG chairman's report) or WGy did not manage to conclude on a CR which means we have an incomplete 	CR set that cannot be approved. It is then up to TSG RAN to discard the incomplete CR set or to request a company 	CR for the WGy spec (if it is easy to solve) or to consider the start of a new WI (if the problem is more complex).
E.4	MCC will support this tracking activity with a list of TEI CRs for a considered release that were handled at 	RAN and that have the unique TEI identifier.
-	The resulting Tdoc list of each RAN meeting includes already a complete list of all CRs handled in this meeting. 	An additional list will be added after RAN #92e listing the TEI CRs with unique TEI identifiers in [ ].
	After RAN #93e, a further list will be appended to the TEI CR list so that in the end a list for all TEI cat.B/C 	CRs (and their corresponding cat.F/A corrections) will develop that allows easy search and filtering for new TEI 	features.
-	Such a list could be generated per release and will allow an improved visibility and tracing of new TEI features.
	Note: Due to the unique TEI identifiers and the proper documentation as outcome of the RAN meetings, also 3GU 	will allow to search for TEI CR sets.
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p p ormat 0 0 p 0 0 0
Waveform CGS seq CGS seq DFT-S-OFDM
Starting symbol 0-13 0-10 0-13 0-10 0-10

Idx starting PRB 0-274 0-274 0-274 0-274 0-274
#PRBs 1 (not configurable) 1 (not configurable) 1-16 1-6, 8—1106, 12, 15, 1 (not configurable)
FH flag Yes (only for 2-symbol) Yes Yes (only for 2-symbol) Yes Yes
Freq resource of 2" hop if FH 0-274 0-274 0-274 0-274 0-274
Idx of initial cyclic shift 0-11 0-11 N/A 0O (not configurable) 0,3,6,9*
Idx of time-domain OCC N/A 0-6 N/A N/A N/A
Length pre-DFT OCC N/A N/A N/A N/A 2,4

Idx pre-DFT OCC N/A N/A N/A N/A 0,1,2,3
Number of slots (semi-statically N/A 1,2,4,8 N/A 1,2,4,8 1,2,4,8

configured)
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Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

] MPR (dB)
Modulation Edge RB allocations Outer RB allocations Inner RB allocations
. <3.5! <1.2! <0.2!
Pi/2 BPSK <052 <0.52 02
QPSK <1 0
DFT-s-OFDM 16 QAM <2 <1
64 QAM <25
256 QAM <45
QPSK <3 <15
16 QAM <3 <2
CP-OFDM 64 QAM <35
256 QAM <6.5
NOTE 1: Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability
powerBoosting-pi2BPSK and if the |E powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for
UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2: Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2
BPSK modulation and if the |E powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used
for UL transmission for bands n40, n41, n77, n78 and n79.
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