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1. Introduction
This contribution summarizes the NR Rel-16 TEI related discussions and proposals in AI 7.2.14. According to the agreed TEI guidance in [1], proposals supported by at least 1 operator, 1 infra vendor and 1 UE vendor will be prioritized over other proposals, except for proposals related to enhancements for dynamic spectrum sharing which was agreed to be done as part of Rel-16 TEI and to be completed in Q3 [2]. Following is a list of proposals with supporting companies.
· 3. CSI trigger states containing non-active BWP
· ZTE, CMCC, OPPO, vivo, Ericsson, Samsung, DOCOMO, AT&T (8)
· 9. Aperiodic CSI-RS Triggering for UE reporting beamSwitchTiming values of 224 and 336
· vivo, ZTE, DOCOMO, Verizon, Ericsson, SoftBank, AT&T (7)
· 5. RACH configuration
· DOCOMO, Nokia, Sharp, Ericsson, SoftBank (5)
· 6. Downgrading SRS antenna switching from 2T4R to 1T2R
· OPPO, CMCC, ZTE, Nokia (4)
· 10. standalone aperiodic TRS
· Qualcomm, Ericsson, AT&T, Nokia (4)
· 4. Simultaneous Rx/Tx of channels/RS in FR2
· Intel, Verizon, Ericsson (3)
· 7. PUCCH repetitions
· Samsung, Verizon (2)
· 8. PDSCH rate matching
· Huawei, HiSilicon, Softbank, AT&T (4)
· FUTUREWEI (1)
2. Discussion on Enhancements for Dynamic Spectrum Sharing
At the RAN#84 meeting, Enhancements for Dynamic Spectrum Sharing were agreed to be done as part of Rel-16 TEI [2].
	· The following enhancements for dynamic spectrum sharing will be done as part of TEI16 in RAN1
· Introduce PDSCH Type B mapping of length 9 and 10 OFDM symbols where the positions of DMRS are defined or can be configured so they do not collide with symbols containing LTE CRS
· Extend the higher layer configuration of LTE-CRS rate matching pattern to multiple rate matching patterns to support multiple LTE carriers within an NR carrier
· RAN1 will decide on a reasonable limit for the number of rate matching patterns to be supported
· The LTE-CRS rate matching patterns are applicable to 15 kHz SCS
· Signaling to be defined by RAN2
· The work will take place and be completed in Q3
· CRs will be prepared once Rel-16 specifications will be available



For the first sub-bullet above, i.e., introduction of PDSCH Type B mapping of length 9 and 10 symbols, since Rel-16 NR-U WI has also been discussing on the introduction of PDSCH Type B mapping of length 2-[14] symbols, positions of DMRS for PDSCH Type B mapping of length 9/10 is discussed in AI 7.2.2.1.2 (DL signals and channels for NR-U). 
Therefore, in this section, following two issues are discussed.
· Target scenarios for the enhancements (whether or not to cover the DSS scenario with NR 30 kHz and LTE 15 kHz)
· Number of LTE-CRS rate matching patterns to be supported within a NR carrier

2.1	Target scenarios for the enhancements
In [3-6], Ericsson, ZTE, Nokia and Panasonic showed their interests to cover the DSS scenario with NR 30 kHz and LTE 15 kHz such as below in [3].
	This proposal fulfills the objective also when used for 30 kHz SCS. In this case, there is an issue with every other slot as they contain the LTE PDCCH. Half of the slots can use Type A scheduling, and there is no issue. But slots containing the LTE PDCCH must use Type B scheduling to utilize all OFDM symbols for NR PDSCH. 
[image: ]
Figure 3 An example where NR Rel.15 is unable to use all OFDM symbols when operating in DSS due to the lack of PDSCH Type B of length 9 and 10
In this case, there are two alternatives, either a length 9 Type B is used, and NR PDSCH starts after the NR PDCCH, or a length 10 Type B is used and NR PDSCH starts in the same symbol as NR PDCCH (outside the CORESET frequency bands).  
[image: ]
[bookmark: _Ref16063297]Figure 4 The introduced length 9 and 10 Type B PDSCH with DMRS in symbol  fulfills the objective of TEI-16 enhancements, as there is no collissions between NR DMRS and symbosl containing LTE CRS



On the other hand, in [7, 8], Qualcomm and Huawei argued followings.
	In the approved scope, it’s proposed to define a multiple LTE CRS rate matching pattern in one NR carrier for 15KHz SCS. This scenario only covers the contiguous LTE carriers on a single band. Based on our knowledge, this multiple contiguous CC sharing scenario is only FDD matters as TDD operators only have 30KHz NR deployment for now. Hereby, we propose to the group clearly indicate this point. Furthermore, some of the TDD operators plans to use DSS to enable NR and LTE sharing on same spectrum before LTE is taken place by NR. However, the taking place period only last for one year after the NR initial deployment. In this sense, we don’t see the need to further optimize the mixed numerology (30KHz NR + 15KHz LTE) FDM in the same carrier.
Observation 1: multiple contiguous CC sharing scenario is only for FDD, and no need to further optimize the mixed numerology (30kHz NR and 15kHz LTE) FDM in the same carrier.
~
As per Observation 1, we don’t believe any additional PDSCH format is necessary for the support of 30kHz NR + 15kHz LTE coexistence cases.

	In RAN#84 discussion, RE-level rate matching for LTE-CRS with NR 30 kHz SCS is precluded for Rel-16 TEI. For symbol-level rate matching around LTE-CRS, the DM-RS positions proposed in section A.2 may be able to be reused for the case with NR 30 kHz SCS. Furthermore, compared to NR SCS 15 kHz, NR SCS 30 kHz for dynamic spectrum sharing is not preferred due to lower NR PDCCH capacity (half number of CCEs in a bandwidth), less effective bandwidth (e.g. 51 PRBs@30 kHz v.s 106 PRBs@15 kHz for 20 MHz bandwidth).
Proposal A5: Dynamic spectrum sharing extension to NR carrier with 30 kHz SCS is not preferred.



[bookmark: _Hlk17737061]Therefore, RAN1 should discuss on whether or not to cover the DSS scenario with NR 30 kHz and LTE 15 kHz for the DSS enhancement in Rel-16. The conclusion will be taken into account for the discussion on positions of DMRS for PDSCH Type-B mapping in NR-U WI.



2.2	Number of LTE-CRS rate matching patterns within a NR carrier
According to contributions in AI 7.2.14 [2-8], there are diverse views among companies on the maximum number of LTE-CRS rate matching patterns within a NR carrier in Rel-16.
	Company, tdoc
	Proposal

	Ericsson, [3]
	Based on our survey of available frequency bands across the world, and for operators where dynamic spectrum sharing is of interest, we have found that up to five LTE CRS patterns is useful to be specified for NR. We suggest to extend the ServingCellConfig with a list of LTE-CRS patterns. In addition, introduce a UE capability parameter by which the UE indicates whether it supports the additional RateMatchPatternLTE-CRS.
Hence, our proposal is
Introduce a new RRC parameter additionalLTE-CRS-ToMatchAroundList containing a list of up to five RateMatchPatternLTE-CRS in ServingCellConfig to support PDSCH rate matching around CRS of up to five different LTE carriers overlapping with the NR bandwidth.

	ZTE, [4]
	In order to solve the problem, the simple way is to extend the existing single higher layer configuration of LTE-CRS rate matching pattern to multiple. Since the total bandwidth of 5 LTE carriers with 20MHz is similar to a NR carrier which supports up to 100MHz, we propose maximum 5 LTE CRS patterns for a NR carrier.
Proposal 5: Support up to 5 CRS configurations for a NR carrier. 

	Nokia, [5]
	RAN1 would need to determine a reasonable limit for the number of LTE CRS rate matching patterns the RRC should be able to have in order to support for several narrower bandwidth LTE carriers within one wider bandwidth NR carrier. As it happens, multi-TRP/panel transmission enhancements made already a following agreement in RAN1#97 [3]. This was of course intended to support multiple TRPs that each operate on the same carrier but have a different LTE Physical Cell ID.
Therefore the total number of LTE CRS rate matching patterns supported within a single NR carrier should support separately N TRPs in space and M narrower bandwidth LTE carriers. N needs to be determined by the multi-TRP session. For the value of M, 3 is probably a reasonable practical number covering most likely use cases (e.g. 20+20+10 MHz LTE carriers in a 50 MHz NR carrier). On the other hand, theoretically up to M=5 would be needed to support all reasonable possibilities allowed by the specifications (e.g. 5 x 10MHz LTE in 50 MHz, or 5 x 20 MHz in 100 MHz). M=4 is probably a reasonable compromise, allowing some leeway beyond the most likely case to allow for some reasonable future-proofing. 
Proposal 6: The multi-TRP dimension should be taken into account, supporting separately N TRPs in space and M narrower bandwidth LTE carriers within a single wider bandwidth NR carrier (i.e. RRC should be able to support a total of M x N LTE CRS rate matching patterns within a single NR carrier), where
· M is up to 4
· N is FFS and to be determined by the multi-TRP/panel enhancements.

	Qualcomm, [7]
	For multiple carrier sharing case, we rely on RAN4 CA could hint us the potential combinations. When we come to LTE CA combination discussed in RAN4, for most cases, contiguous carriers owned by an operator in a single band is no more than 20MHz for FDD bands, although there can be exceptions. Therefore, we propose that a single pattern is still sufficient. If there are operators with FDD BW allocation larger than 20MHz then the following should be also established:
• Is it in an FDD band where more than 20MHz NR Channel BW is allowed (currently only Band 3 and Band 66)?
• Is multi-LTE carrier already deployed in the same band for the same operator?
Since there is no FDD channel bandwidth more than 40MHz in any case, more than 2 patterns would not be needed even for handling any exception cases.
For TDD bands, we notice some operators have larger bandwidth, but the NR SCS is typically 30kHz which is not suitable for CRS rate matching due to non-orthogonal issue.
Proposal 1: Single LTE CRS pattern per NR carrier is sufficient.

	Huawei, HiSilicon, [8]
	In Rel-15, only one higher layer parameter RateMatchPatternLTE-CRS per NR serving cell can be configured. Its associated rate-matching functionality is only applicable to NR 15 kHz SCS. A NR serving cell with 15 kHz SCS can have channel bandwidth up to 50 MHz and be overlapping with multiple LTE carriers in the bandwidth. The number of LTE carriers in a given contiguous bandwidth is usually minimized in order to minimize guard band overheads between LTE carriers caused by 300 kHz channel spacing of carrier aggregation, and to provide better user experiences by avoiding interruptions caused by such as SCell addition, etc. For example, in a 20MHz bandwidth, operators always deploy one LTE carrier with 20 MHz rather than two LTE carriers with 10 MHz each. Therefore, the number of LTE carriers sharing a 50MHz bandwidth with an NR carrier is typically three, i.e. two possible bandwidth combinations LTE 10MHz+2*20MHz and 2*15MHz+20MHz which both have 570 kHz guard band overheads.
Observation A3: In the scenario of multiple LTE carriers sharing a 50MHz bandwidth with a NR carrier, taking into account the guard band overheads between LTE carrier components, there are only two possible LTE bandwidth combinations, i.e. LTE 10MHz+2*20MHz and 2*15MHz+20MHz.
Proposal A4: The maximum number of configurable LTE carriers in LTE-CRS rate matching patterns for dynamic spectrum sharing is three.



Therefore, RAN1 should discuss on the maximum number of LTE-CRS rate matching patterns within a NR carrier based on following alternatives.

Offline proposal:
· Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier is X
· X is three
· Maximum number of LTE-CRS overlapping rate matching patterns within a part of NR carrier overlapping with a LTE carrier is Y
· Y is two
· Maximum number of LTE-CRS rate matching patterns in total within a NR carrier is Z
· Z is six
· UE capability for Z={[1,] 2, 3, 4, 5, 6} is defined


3. Discussion on CSI trigger states containing non-active BWP
In [9], ZTE, CMCC, OPPO, vivo, Ericsson and Samsung propose following regarding CSI trigger states containing non-active BWP.
	In NR Rel-15 specification [1], UE is not expected to be triggered with a CSI report for a non-active BWP.
~
A significant issue is the restriction and the demand of huge number of trigger states caused by this statement. CSI reports for different CCs or BWPs have to be configured in different trigger states. Hence UE has to be configured with numerous trigger states to allow triggering CSI in different CCs/BWPs. Otherwise, gNB has to re-configure the trigger states for BWP switch and CC activation, which is clearly not appropriate. For a UE with the capability of supporting small number of trigger states, e.g., 3, it’s not possible to configuring large number of trigger states for CSI triggering of multiple CCs/BWPs.
[image: ]
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~
The solution to solve this issue is to allow gNB triggering CSI reports/CSI-RS for both active and non-active BWPs, but UE drops the CSI reports for non-active BWPs. That is to say, each trigger state can contain CSI reports for both active and non-active BWPs, but only the CSI reports for active BWPs can be reported.
Another case is when UE is triggered with CSI-RS associated with report quantity set to ‘None’ and a DL BWP that is non-active, i.e., the utilization of aperiodic TRS or P3 repetition in beam management. UE should not be required to receive and measure this CSI-RS. 
Another issue caused by the original statement is the ambiguity of non-active DL BWP. The interpretation of non-active BWP can include two alternatives.
· Alt 1: The non-active BWP when receiving the triggering DCI.
· Alt 2: The non-active BWP when receiving the associated CSI-RS.
The above two alternatives will lead to different types of implementation behavior for gNB and UE. It’s needed to also clarify this in the specification.
Based on the above discussion, we have the following proposal.
Proposal: 
· [bookmark: _Hlk17739016]When a UE is triggered with a CSI report for a DL BWP that is non-active, the UE is not expected to report the CSI for the non-active BWP.
· When a UE is triggered with aperiodic CSI-RS in a DL BWP that is non-active, the UE is not expected to measure the aperiodic CSI-RS. 
· Clarify the interpretation of the above non-active BWP with one of the following alternatives
· Alt 1: The non-active BWP when receiving the triggering DCI
· Alt 2: The non-active BWP when receiving the associated CSI-RS



RAN1 should discuss on whether the proposal can be applied as part of Rel-16 TEI or not.

Offline proposal:
· When a UE is triggered with a CSI report for a DL BWP that is non-active, the UE is not expected to report the CSI for the non-active BWP.
· When a UE is triggered with aperiodic CSI-RS in a DL BWP that is non-active, the UE is not expected to measure the aperiodic CSI-RS. 

Offline proposal:
Alt.1:
· The above non-active BWP is the non-active BWP when receiving the associated CSI-RS. In the CC of the associated CSI-RS, if the active BWP when receiving the CSI-RS is different from the active BWP when receiving the triggering DCI
· The last symbol of the PDCCH span of the DCI carrying the BWP switching shall be no later than the last symbol of the PDCCH span of the CSI trigger DCI, irrespective of whether they are in the same CC or not and irrespective of whether they are in the same SCS or not.
· The UE is not expected to be triggered with any other BWP switching after the last symbol of the PDCCH span covering CSI trigger DCI and before the first symbol of the triggered CSI-RS resource. 
Alt.2:
· The above non-active BWP is the non-active BWP when receiving the associated CSI-RS.
· Any CPU occupation associated with CSI-RS in the non-active BWP is released after the BWP deactivation is applied.


4. Discussion on simultaneous Rx/Tx of channels/RS in FR2
In [10], Intel, Verizon and Ericsson propose following regarding simultaneous Rx/Tx of channels/RS in FR2.
	The issue of simultaneous transmission and reception was extensively discussed in RAN1 and RAN4 during Rel-15 timeframe (see LS/reply-LS in [1], [2]). The issue occurs in FR2, due to a single analog Rx beamforming capability at the UE allowing reception using one Rx beam at a time across intra-band CA. With such constraint simultaneous processing of the different physical channels or reference signals scheduled with different QCL assumptions (targeting different and conflicting Rx beamforming at the UE) on the same or different CCs is not feasible. The issue of simultaneous processing of reference signal used for RRM and BM measurements with physical channels or reference signal configured for other purpose is addressed in RAN4 through scheduling restrictions and prioritization of the measurements (with some cases already specified [2]). 
Simultaneous processing for some combinations was also addressed in RAN1 (see table below)
	Group-1
	Group-2
	UE behavior

	PDSCH scheduled before timeDurationForQCL
	PDCCH (CORESET)
	38.214: Prioritize reception of PDCCH (CORESET) if QCL Type D is different but PDSCH behavior not specified. Also applies to intra-band CA

	CSI-RS with repetition=ON
	PDCCH (CORESET)
	38.214: Scheduling not allowed. Also applies to intra-band CA

	All other CSI-RS without repetition=ON (includes TRS, CSI and repetition=OFF)
	PDCCH (CORESET)
	38.214: UE may assume same QCL-Type-D. Also applies to intra-band CA [NW ensures same QCL]

	CSI-RS for L1-RSRP
	SSB
	38.214: UE may assume same QCL-Type-D

	A-CSI-RS for CSI (without trs-Info and without repetition) scheduled before beamSwitchTiming
	PDSCH scheduled after timeDurationForQCL, A-CSI scheduled after beamSwitchTiming
	38.214: UE applies QCL-Type-D of Group-2 to receive

	PDCCH (CORESET)
	PDCCH (CORESET)
	38.213: Select monitoring search spaces in the cell with lowest index, then select CSS over USS, then lowest search space id. Only search spaces with same QCL-Type-D required to be monitored 

	PDSCH (DM-RS)
	SSB
	38.214: UE may assume same QCL-Type-D for DM-RS and SSB



However, several remaining combinations identified by RAN1 for specification [3], [4] were not finalized due to lack of time and late stage of Rel-15 work
· PSDSCH+PDSCH: This is an important case to consider in CA scenario for a UE capable of supporting multiple active TCI states for PDSCH. We provide two examples below:
· Consider a BS intending to schedule PDSCH to a UE on a single CC using a DCI-indicated transmission beam change (dynamic). This beam change conflicts with the default PDSCH beam in other CCs where a UE is not scheduled.
· Consider a BS employing wide beams for PDCCH, PDSCH associated with CSS and narrow beams for PDCCH, PDSCH associated with USS. According to Rel-15 if search spaces across different serving cells overlap in time (intra-band CA) a UE is able to resolve the conflict and receive PDCCH based on a set of prioritization rules (the lowest cell index is prioritized, then CSS is prioritized, then the lowest search space set index is prioritized). However, following the reception of PDCCH, there is no guarantee of proper reception of the scheduled PDSCH since the specified set of prioritization rules applies only to PDCCH reception but not to the scheduled PDSCHs (if there is conflict in PDSCH reception)
· PDSCH scheduled after timeDurationForQCL + PDCCH: This case should be resolved in order to fully support dynamic change of PDSCH transmission beam using DCI. Without resolving this case, a BS cannot be sure that dynamic change of PDSCH transmission beam would occur if such PDSCH overlaps with PDCCH in same or other CCs. This case is relevant for both same CC and intra-band CA.
· A-CSI-RS scheduled after beamSwitchTiming or periodic, semi-persistent CSI-RS + PDSCH scheduled before timeDurationForQCL: This case should be resolved for proper functioning of CSI-RS. This conflict case may occur frequently because the default beam for PDSCH is used at the UE even when PDSCH is not scheduled/received. This case is relevant for both same CC and intra-band CA.
· SRS+SRS and PUSCH+PUSCH (intra-band CA): According to Rel-15 specifications a UE may be scheduled with TCI states that are conflicting for these cases.  
Although in the first wave of Rel-15 systems, simultaneous transmission and reception of the physical channels and reference signals may not occur due to use of a single transmit beamforming at gNB and support of single active TCI state for PDSCH at the UE, the issue is likely to become a real life in the future NR deployments supporting multiple Tx beamforming capability at time at the gNB and support of multiple TCI states for PDSCH at the UE. Having UE behavior undefined in RAN1 specification for the remaining cases could create scheduling restrictions leading to inefficiencies due to different assumptions at gNB and UE regarding processing priorities in the above combinations.
~
Proposal:
· [bookmark: _Hlk17739619]Consider follow up maintenance work for NR in RAN1 as part of Rel-16 TEI to resolve issues related to simultaneous transmission and receptions for two groups of RS / physical channels
· UE assumption for processing of the following combinations PSDSCH+PDSCH, PDSCH+PDCCH, CSI-RS+PDSCH, SRS+SRS (including SRS of different types), PUSCH+PUSCH



RAN1 should discuss on whether the proposal can be applied as part of Rel-16 TEI or not.

Continue discussion in Q4


5. Discussion on RACH configuration
In [11], NTT DOCOMO, Nokia, Sharp and Ericsson propose following regarding RACH configuration.
	In Rel-15, RACH configuration table for FR1 and unpaired spectrum was specified in table 6.3.3.2-3 in TS 38.211 [1]. However, “Subframe number” the table includes is not sufficient considering some TDD configuration. 
3ms and 4ms as dl-UL-TransmissionPeriodicity were introduced [2] after the RACH configuration table was defined. The motivation of introducing these periodicities is to align NR TDD configuration with LTE TDD configuration with 5ms periodicity, e.g., LTE TDD configuration 1, 2 without requiring subframe shift between LTE and NR. When RACH configuration table was defined, 3ms and/or 4ms dl-UL-TransmissionPeriodicity was not taken into account, and hence Rel-15 RACH configuration table, with RACH configuration period greater than 10ms, is not appropriate for such TDD configuration.
[image: ]
~
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
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	0
	0
	16
	1
	9

	1
	0
	8
	1
	9

	2
	0
	4
	1
	9

	3
	0
	2
	0
	9

	4
	0
	2
	1
	9

	5
	0
	2
	0
	4

	6
	0
	2
	1
	4


There is an issue on RACH configuration based on TDD configuration in Fig.1. For example, assuming preamble format 0 and RACH config period is 20, 40, 80 or 160 ms, “Subframe number” in the table can be only 4 or 9 as shown in Table 1. In case of TDD configuration in Fig.1, since “Subframe number” needs to be 2 or 7, these PRACH configuration entries in Table 1 cannot be used. In other words, only 10ms of RACH configuration period can be used, and it is a strong restriction in future. In addition, even for other preamble formats, only limited subframe numbers mainly including subframe 9 are supported in case of RACH configuration period more than 10ms, and hence the same issue occurs.
~
In order to resolve above issue, we propose that gNB can indicate, via RRC signalling, prach-ConfigurationIndex for Rel-16 UE, i.e., prach-ConfigurationIndexAlt-r16, and subframe number offset for Rel-16 UE, i.e., prach-SubframeOffset-r16. RRC parameter value is that prach-ConfigurationIndexAlt-r16: (0, 1, … , 255) and prach-SubframeOffset-r16: (1, 2, … , 9).
~
[bookmark: _Hlk17740318]Proposal 1: gNB can indicate, via RRC signalling, prach-ConfigurationIndex for Rel-16 UE, i.e., prach-ConfigurationIndexAlt-r16, and subframe number offset for Rel-16 UE, i.e., prach-SubframeOffset-r16.
· RRC parameter value is:
· prach-ConfigurationIndexAlt-r16: (0, 1, … , 255)
· prach-SubframeOffset-r16: (1, 2, … , 9)
Proposal 2: UE behaviour is following:
· If Rel-16 UE is indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndexAlt
to choose index from RACH configuration table (RACH configuration table is same as Rel-15)
· If Rel-16 UE is indicated prach-SubframeOffset, all RACH occasions is shifted based on the value of prach-SubframeOffset, i.e., the UE determines Subframe number(s) by [(Subframe number(s) in RACH configuration table + prach-SubframeOffset) mod 10]
· If Rel-16 UE is not indicated prach-SubframeOffset, all RACH occasions is not shifted, i.e., subframe number offset is zero
· If Rel-16 UE is not indicated prach-ConfigurationIndexAlt, the UE refers prach-ConfigurationIndex to choose index from RACH configuration table (Same behavior as Rel-15 UE)
Note that all subframe numbers for a certain RACH configuration index are shifted based on the value of prach-SubframeOffset when there are more than one subframe number for the RACH configuration index.
Note that all other configurations than Subframe number which are indicated by RACH configuration index, e.g., starting symbol, are same for a certain RACH configuration index if Rel-16 UE is indicated prach-ConfigurationIndexAlt.



RAN1 should discuss on whether the proposal can be applied as part of Rel-16 TEI or not.

Continue discussion in Q4

6. Discussion on downgrading SRS antenna switching from 2T4R to 1T2R
In [12], OPPO, CMCC and ZTE propose following regarding downgrading SRS antenna switching from 2T4R to 1T2R.
	The SRS configuration for ‘t2r4’ (equivalently 2t4r) specified in TS 38.214 [1] is as follows:
	6.2.1.2	UE sounding procedure for DL CSI acquisition
…
-  For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or



From the part marked with RED, we can observe that gNB cannot configure 1-port SRS resources for SRS Tx port switching if UE reports to support “t2r4”. Thus, this UE would have to always use 2 Tx RF chains for SRS Tx port switching transmission when the UE is configured to use only 1 Tx RF chain for PUSCH and the corresponding SRS. In this case, UE cannot turn off one RF chain completely, which prevent the further power saving.
In order to address the above issue, Rel-16 should allow gNB to configure 1-port SRS resources for SRS Tx port switching if UE reports to support “t2r4”. A straightforward method is introducing a new UE capability for 1T2R/2T4R, similar to 1T4R/2T4R in Rel-15. For that, some modifications marked in RED are needed for both TS 38.214 and 38.331:
	--------------------------------------------------- TS 38.214 ---------------------------------------------------------------
6.2.1.2	UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r2-t2r4' for 1T2R/2T4R,  't1r1' for 1T=1R, 't2r2' for 2T=2R, or 't4r4' for 4T=4R):
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- TS 38.331 -----------------------------------------------------------------------
srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r2-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }
---------------------------------------------------------------------------------------------------------------------------------------



Furthermore, it shall be noted that whether or not to configure a “downgraded” mode of 1 Tx for a UE with 2 Tx is totally up to gNB implementation.
One potential issue regarding a “downgraded” mode of 1 Tx for a UE with 2 Tx is whether the maximum transmit power (equivalently the power classes) will be changed accordingly or not. Further discussion or clarification is needed on this issue. 



RAN1 should discuss on whether the proposal can be applied as part of Rel-16 TEI or not.

Continue discussion in Q4


7. Discussion on PUCCH repetitions
In [13], Samsung and Verizon propose following regarding PUCCH repetition.
	When a UE can increase a PUCCH transmission power, NR addresses the above issues by adapting the PUCCH transmission power where






For PUCCH format 1,  adapts to the variable number of PUCCH symbols and the variable UCI payload (1 bit or 2 bits) as . For PUCCH format 3 or 4 and  bits,  adapts to the variable number of PUCCH symbols and the variable UCI payload. The factor  adapts the SCS difference relative to 15 kHz. None of this exists with respect to the number of repetitions although there is some flexibility to account for the SCS when setting the  value as PUCCH SCS is not dynamic.


For a UE that is configured to transmit PUCCH with repetitions, always adapting a PUCCH transmission power is not possible (otherwise, no need for repetitions) and the above transmission power adjustments need to be translated to adjustments in the value of  .

For PUCCH format 1, the value of  from higher layers can be interpreted relative to  UCI bit and  symbols. Then, for  bits and , the UE sets .


For PUCCH format 3 or 4, the value of  from higher layers can be interpreted relative to  UCI bits and  symbols. Then, for  bits and , the UE sets . For  bits,  and a simple linear expression is not possible for all  values. For simplicity, especially as  bits may be of lesser interest in case of repetitions, polar coding gains can be ignored and a conservative  value resulting from the same expression as for  can apply. Also, preferably, the values of  and  should be provided by higher layers but that can be left for a next release.


If the above adjustments to the number of PUCCH repetitions are not used and a single value for  always applies regardless of UCI payload or number of PUCCH symbols, a network has to dimension  according to a reference value  for  and a reference value  for  (gNB implementation choices). Then, 
· when , coverage is not met 
· when , the number of repetitions is larger than needed - this results to increased latency, overhead, UE power consumption and network complexity (in TDD), and to reduced data rates

[bookmark: _Hlk17743722]Proposal: When a UE is provided , the UE transmits a PUCCH with  repetitions where  for PUCCH format 1,  for PUCCH format 3 or 4, and .
	----------------------------------	      Start of text proposal	 to TS 38.213	 ------------------------------------------
[bookmark: _Toc517265069]9.2.6	PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. The UE repeats the PUCCH transmission over   slots, where  for PUCCH format 1,  for PUCCH formats 3 and 4, and .
*** Unchanged text is omitted ***
---------------------------------- 	End of text proposal to TS 38.213	------------------------------------------






RAN1 should discuss on whether the proposal can be applied as part of Rel-16 TEI or not.

Continue discussion in Q4


8. Discussion on PDSCH rate matching
In [8], Huawei and HiSilicon propose following regarding PDSCH rate matching.
	Regarding the conditions of “collision between PDSCH DMRS REs and REs not available for PDSCH”, two alternatives can be as follows:
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern. 
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
~
[image: ]
When resource allocation type 1 is applied, the scheduled NR PDSCH shall only occupy the PRBs on one side of the SSB. Namely, there are huge restrictions for scheduling PDSCH.
Observation: It will cause huge restrictions for scheduling PDSCH when UE does not handle the case where PDSCH DM-RS are overlapping with SSB.
Note that, above scheduling restriction issue can be tackled by adopting Alternative 2 where the SSBs can be covered by a dedicated rate matching pattern. But this approach is clearly unnecessary and causes waste of rate matching configurations whose available number per serving cell is limited by 4 [5]. Therefore, it is preferred to handle the case by introducing UE behavior. Namely, the DM-RS associated with scheduled or configured PDSCH can overlap with SSB, while the collision will be resolved by aligning understanding between network and UE. In this case, the UE shall assume that the PRBs are not available for PDSCH and DM-RS in all the scheduled symbols when PDSCH DM-RS REs will overlap with REs corresponding to SSB in the PRBs. Such UE behavior can be also adopted for rate matching patterns.
[image: ]
Therefore, regarding the conditions of a collision between PDSCH DMRS REs and rate-matching patterns, we give the following proposal and an example CR is attached for discussion.
Proposal: A UE shall assume that the PRBs are not available for PDSCH and DM-RS in all the scheduled symbols for the PDSCH within a single slot when the PDSCH DM-RS in the PRBs overlaps with any REs corresponding to SSB or rate matching patterns.
	A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.A UE shall assume that the PRBs are not available for PDSCH and DM-RS in all symbols scheduled or configured for the PDSCH within a single slot when PDSCH DM-RS REs in the PRBs would overlap, even partially, with REs not available for PDSCH.






Also in [14], FUTUREWEI proposes following TP to solve the inefficiency of Rel-15.
	The advantages of having an actual PDSCH transmission jointly consider both the known reserved resources and the signaled resource assignment are:
1. Fewer gNB scheduling restrictions
1. More efficient rate-matching around reserved resources and SS/PBCH blocks
1. Better forward/backward compatibility, including coexistence with LTE (and LTE MTC)
~
A UE expects PDSCH only on the available resources of the PDSCH resource assignment.
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.



RAN1 should discuss on whether each of above proposals can be applied as part of Rel-16 TEI or not.

Continue discussion in Q4


9. Discussion on Aperiodic CSI-RS Triggering
In [15], vivo, ZTE, DOCOMO, Verizon, Ericsson, SoftBank and AT&T propose following regarding aperiodic CSI-RS Triggering for UE reporting beamSwitchTiming values of 224 and 336.
	· For FR2 aperiodic CSI-RS beam switching in Rel-15, UE feature 2-28 reports one of the following values {14, 28, 48, 224, 336};
· For the following cases, the default QCL of aperiodic CSI-RS when triggering offset is smaller than the reported 2-28 value is not specified:
· Aperiodic CSI-RS for CSI when UE reports 224 or 336 for both same cell and cross cell triggering;
· Aperiodic CSI-RS for beam management for both same cell and cross cell triggering ; 
· For any aperiodic CSI-RS triggering when CORESET is not configured on the serving cell where aperiodic CSI-RS resource is configured;
· This may lead to one of the following:
· Larger power consumption: all panels may need to be powered on all the time for smaller triggering offset for CSI-RS for CSI;
· Increased overhead: periodic CSI-RS resource for CSI-RS measurement on another panel, which causes overhead;
· System performance reduction: the CSI may not be accurate due to large delay; 
~
· Two possible solutions that can address above concerns are listed for further discussion in RAN1 #98 in Prague:
· The main difference between Solution1 and Solution2 is   
· Solution1: UEs reporting 224 or 336 follow the behavior of UEs reporting one of the values of {14, 28, 48};
· Solution2: 48 is used as the beam switching threshold for UEs reporting 224 or 336;



RAN1 should discuss on whether either one of solutions can be applied as part of Rel-16 TEI or not.

Offline proposal:
· Alt.1: UEs reporting 224 or 336 follow the behavior of UEs reporting one of the values of {14, 28, 48}
· Alt.2: 48 is used as the beam switching threshold for UEs reporting 224 or 336
· Alt.3: UE reports a value from the set: {“14”, “28”, “48”, “224”, “336”, “14-336”, “28-336”, “48-336”}
· For the existing Rel-15 values, no change to the Rel-15 procedures and requirements
· For the new Rel-16 values: 
· The second value in the indicated pair of values is the supported minimum CSI-RS triggering offset to be used in the case of aperiodic CSI-RS with configured higher layer parameter repetition set to ‘ON’
· The first value in the indicated pair of values is the threshold to be used for all other cases and requirements for CSI-RS triggering offset and beam switching delay

· Corresponding modifications will be made in TS38.214



10. Discussion on standalone aperiodic TRS
In [7], Qualcomm, Ericsson and AT&T propose following regarding standalone aperiodic TRS.
	[image: ]
[image: ]
[image: ]
[image: ]



RAN1 should discuss on whether the proposal can be applied as part of Rel-16 TEI or not.

Continue discussion in Q4
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