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1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier [1]:
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


And in RAN1#88bis [2] there is some conclusion on the issues to be discussed for the LTE-NR UL sharing only scenario as below.

	· Study further at least the following issues when UL carrier in one frequency range and DL NR carrier in a different frequency range:

· Potential timing offset due to differences in channel delay profiles between UL and DL

· Pathloss difference between UL and DL (it is assumed that DL is used by a UE to measure the path loss)


In the scenario, LTE UL and NR UL are coexisting on the bandwidth of an LTE FDD component carrier F1, LTE DL on a paired frequency F3 and NR DL transmission on frequency F2 (different than LTE DL frequency). There may be NR UL transmissions on frequency F2 as well if this is a TDD frequency. In this contribution, several aspects of this scenario are considered and discussed. 

2 Discussion
2.1 Scenario of LTE-NR UL only sharing
This contribution focuses on the uplink resource sharing of NR and LTE on the uplink carrier of the LTE FDD system, as agreed in the RAN1 NR AH January 2017 meeting [3], as illustrated in Figure 1.
	Agreements:

· LTE-NR co-existence should support the following UL sharing scenarios:

· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE

· Detailed sharing on the UL is FFS 

· Note: this is not intended to have impact on legacy LTE UEs

· LTE DL on a paired frequency F3

· NR DL transmission on frequency F2 (different than LTE DL frequency)

· NR UE operates in either of the following cases based on a common NR design:

· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 

· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2

· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).

· NR DL and UL frequencies (and/or NR band number) are signaled by RRC

· Non-collocated LTE and NR base stations is FFS
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Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
The frequency ranges of F1, F2 and F3 above were agreed as below [8], for example, F1 is 1710-1785 MHz (around 1800 MHz) for UL while F2 is 3.3 – 4.2 GHz (around 3.5 GHz) for DL and UL.  F3 is the LTE DL frequency paired with F1, which is not captured in the agreement but can be found in Table 5.5-1 of TS 36.101.
	Agreements:
· The following Frequency ranges are to be defined for LTE-NR coexistence with UL sharing
Frequency ranges for NR 
Operators whose request is included in the frequency range 
1710-1785MHz (UL)/3.3-4.2 GHz*(DL&UL) 
China Telecom, China Unicom, CMCC, Deutsche Telekom 
832-862MHz (UL)/3.3-4.2 GHz*(DL&UL)
Orange, Telefonica, Etisalat, Deutsche Telekom 
880-915MHz (UL)/3.3-4.2 GHz*(DL&UL) 
CMCC 
703-748MHz (UL)/3.3-4.2 GHz* (DL&UL) 
Orange, Telefonica, Etisalat 
· *: The exact frequency range  around 3.5GHz may be revised during R15 NR WI
· Note: The LTE-NR dual connectivity UE RF requirements with the same frequency ranges can be reused as the starting point for the above NR paired band. 


2.2 Discussion on LTE-NR UL only sharing
2.2.1 Design criteria

Several design criteria for the LTE-NR co-channel coexistence are expected according to the NR WID and discussions in previous meetings, 
· Minimize impact to NR physical layer design to enable this co-existence.

· No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR.
· No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier.
· The design of NR for LTE-NR UL only sharing should minimize the performance degradation to the LTE system.
· NR UE is not expected to detect LTE signals.
2.2.2 General characteristics from network perspective
Based on the scenario and agreements in sect 2.1, it is easy to summarize the general characteristics for LTE-NR coexistence with UL sharing from network perspective, as follows.
· From NR network perspective, there are one NR DL carrier frequency F2 (e.g. 3.5 GHz), and two NR UL carrier frequencies, F2 and F1 (e.g. 3.5 GHz and 1.8 GHz), respectively.

· Two NR UL carrier frequencies are different, frequency F1 is much lower than F2 e.g. F1 1.8 GHz is much lower than F2 3.5 GHz. Therefore,
· The penetration loss and path loss at F1 are much less than those at F2.

· The antenna configurations for F1 and F2 can be different for both NR gNB and NR UEs. Higher antenna dimension are expected at F2 than at F1.
· Only carrier frequency F1 is shared by NR and LTE system. Carrier frequency F2 is dedicated to NR system.

· The UL to DL configuration ratio at carrier frequency F1 is higher than that at F2, and especially it is 10:0 for F1. 

· The channel bandwidth of F2 is expected to be larger than that of F1. For example, the maximum channel bandwidth at F1 is 20 MHz as defined for LTE, while the one at F2 can be 100 MHz.
· Given the same target UL throughput, the coverage at F1 is usually expected to be better than that at F2, as shown in Figure 2, i.e. NR system in this scenario provide different UL capabilities at two carrier frequencies F1 and F2.
[image: image2.png]F1 UL Coverage




Figure 2 Illustration of coverage difference between two carrier frequencies F1 and F2

The last bullet about different UL capabilities for different UL carrier frequencies results from the bullets of different carrier frequencies and different UL-to-DL configuration ratios. To be specific, the reasons are follows.
a. Firstly, the lower UL-to-DL subframe ratio at F2 than that at F1 requires higher allocated UL bandwidth at F2 to UE than that at F1 because there is less number of UL subframes within one radio frame duration, e.g. 10 ms, at F2 than that at F1. Taking LTE TDD configuration 1:1:3 (UL subframes : Special subframe: DL subframes) as an example for NR F2, it requires five times number of allocated PRBs than that at F1 in order to have the same target UL throughput. Taking into account the fact that the UL data transmission is usually limited by the UE maximum transmission power instead of UL channel bandwidth, the resulting UE power density per PRB at F2 is much lower than F1, which leads to lower UL coverage at F2 than F1.

b. Secondly, the higher penetration loss and path loss at F2 leads to lower UL coverage than F1

c. Although UL coverage benefits from the higher antenna dimension at F2, but it is hard to compensate the above two factors unless extremely high antenna dimension is deployed at F2. 

2.2.3 General characteristics from UE perspective

As a continuation of the analysis in section 2.2.2, the general characteristics from UE perspective are summarized as follows.
· NR UE owns two UL carrier frequencies F1 and F2. 

· The total UL transmission power at both carrier frequencies F1 and F2 is bound by the same maximum UL transmission power for only one carrier frequency either F1 or F2 because of human health concern, even in the case of two individual PAs (power amplifier) employed at both F1 and F2, respectively.
· As discussed above, NR UEs have different UL quality of F1 and F2.  

· NR UEs can have simultaneous UL transmission at both UL frequencies, or can have UL transmission at either one UL frequency at one time. Generally, it depends on UE type (i.e. UE capability), as an example shown in Figure 3. Two UE types with different Tx capability can be expected.
· The latter case non-simultaneous UL transmission normally requires lower UE implementation complexity than the former case simultaneous UL transmissions at both carrier frequencies because it is easier to fulfil RF requirements with only one UL transmission at one time. Further comparisons are provided in section 2.2.6.
· In the case of non-simultaneous UL transmission, NR UEs can benefit from the UL selection between carrier frequencies F1 and F2, considering the above first two factors. The UL selection in more details is discussed in the next section.
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Figure 3 Example of two UE types with different UL Tx capability.
2.2.4 UL frequency selection from UE perspective
Combining the general characteristics from both network and UE perspectives, especially different UL link qualities at two carrier frequencies and limited UE transmission power, it is concluded that UL frequency selection for each UE is beneficial, as exemplified in Figure 4. UE needs to select the suitable UL frequency based on its coverage conditions. More discussions are provided for both phases of initial access and active connection.
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Figure 4 Example of UL selection

2.2.4.1 Initial access phase
During initial access phase, NR UEs need to select one UL frequency, either F1 or F2, to complete RACH procedure. Like for eMTC, in principle the network would indicate NR UEs the UL information and different thresholds at DL frequency F2, which can be carried by SS, MIB, PBCH or RRC. Then the UE would take measurements and select a suitable UL frequency for UL initial access. 
To be more specific, the gNB can configure PRACH resource and preamble format for both of the carrier frequencies. UE needs to determine the frequency for preamble transmission depending on the UE measurement on the NR dedicated F2. UE can select the carrier frequency to transmit the preamble based on the downlink measurement on the NR dedicated F2, as UE on the left in Figure 4. If the NR UE judges that the NR dedicated F2 is with poor quality, then the UE can select the shared F1 for uplink transmission, as UE on the right in Figure 4. This UE behavior is more like the one for eMTC in LTE system, where the eMTC UE selects the preamble format according to its DL measurement of RSRP. When the measured RSRP fulfills the predefined condition, one specific preamble format will be selected and the eNB will know whether the UE is in poor coverage or not. And in this area, transmission on the lower frequency can be performed by the UE when it is in the poor coverage zone, so that its success probability for random access is improved.

Proposal 1: The UL frequency transmission selection at least for PRACH can be based on UE DL measurement.

2.2.4.2 Active connection phase
In active mode, the UE may switch to one of UL carriers depending on RRM measurement and gNB decision for UL transmissions, e.g. UL data and SRS transmissions. The switching mechanisms including signaling should be specified. The switching frequency may depend on the specified switching mechanisms, e.g. the switching could be semi-statically configured, or dynamically signaled.
This UL frequency selection in active mode is essential for the NR UEs who cannot support simultaneous dual transmission, i.e. NR type 1 in Figure 3, but may be not necessary for the NR type 2 in Figure 3.
2.2.5 UE types and band definition

The UL selection capability for NR UEs is distinguished from the capability of simultaneous dual UL transmissions on two UL frequencies, which can link to not only UE types but also band definition which have been discussed in RAN4. The RAN4 work loads are very likely different for above two kinds of UE capabilities. Here we are not going to dig into details but use their band definitions to show such difference of RAN4 workloads.
RAN4 uses tables to describe band definitions, which can be single band or band combinations. Therefore, for the UL selection capability/UE type 1, the band definitions have two variants as exemplified in Figure 5.
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Figure 5 Example of two options of Band definitions for UL selection capability

Similarly, for the simultaneous dual UL transmissions/UE type 2, its band definition is exemplified in Figure 6.
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Figure 6 Example of Band definitions for simultaneous dual UL capability

In short, we have this observation,

Observation 1: From NR UE perspective, the UL selection capability is distinguished from the capability of simultaneous dual UL transmissions, which can link to not only two different UE types but also different band definitions.
2.2.6 Further comparison of  two types of UE Tx capabilities in active mode
In this subsection, two UE Tx capabilities, i.e. non-simultaneous UL transmission (NR UE type 1) and simultaneous dual UL transmission (NR UE type 2), are further compared. 
From a UE implementation perspective, the high and low frequency usually need two RF chains to transmit the uplink signal and each RF chain contains one power amplifier. To simultaneously transmit uplink signal on low and high frequency, it would require coupling the two RF chains, which would bring more extra implementation cost, e.g. UL transmission synchronization between two UL frequencies, and would have some other transmitting performance requirements, e.g. additional maximum Tx power reduction and stricter RF requirement to meet.
Another point needs to be considered is that there seems no strong need to transmit the uplink signal on the low and high frequency simultaneously. For the data channel, different UEs can be scheduled on the low and high frequency, e.g. cell center UE can be scheduled on the higher frequency. While for the control channel, it seems that it is enough to transmit it on one of the carrier frequencies.  And for the SRS transmission, since the SRS will not be transmitted on every slot, then it can be transmitted non-simultaneously on two carrier frequencies. Therefore, there seems no necessary to transmit different UL physical channels on different UL carrier frequencies. Then non-simultaneous transmission from one UE is with low implementation complexity and without loss of benefit of this UL sharing feature. 

Given the discussions in all above sections, to sum it up, we have the following observation and proposal,

Observation 2: For LTE-NR coexistence with UL sharing, simultaneous transmission on two UL carrier frequencies may require,

· Higher UE implementation cost

· Stricter transmission synchronization of UE between two UL frequencies

· Additional maximum Tx power reduction
· Stricter RF requirements to meet

· Higher RAN4 workloads for band definition and band requirements
Proposal 2: Simultaneous transmission on two UL carrier frequencies is not a prerequisite for UL LTE-NR coexistence. 
2.2.7 Resource sharing
Since UL carrier frequency F1 is shared by both NR and LTE, it is important to discuss how their resource sharing is done in order to fulfill the design criteria of LTE-NR coexistence with UL sharing.
2.2.7.1 Resource sharing scheme

Basically, UL resource sharing between NR and LTE can be FDM-based or TDM-based or both, dynamically or semi-statically. For FDM sharing, both NR and LTE have contiguous resources in time domain, and thus there will be no extra restrictions on feedback and scheduling timing for LTE and NR. 

· 
Discussion on TDM and FDM
Pure TDM sharing would have negative impact on both NR and LTE, no matter in subframe level or configured by higher layer signaling, which results in none continuous resource in time domain for both LTE and NR. And none continuous resource will results in impact on the HARQ and scheduling. For LTE, UL ACK/NACK feedback would suffer from limited UL subframes due to NR subframe insertion and the corresponding LTE DL subframes will be affected. 

· 
Discussion on dynamic and static resource sharing
UL resource sharing between NR and LTE can be static or dynamic. With static resource sharing, the scheduling flexibility will be limited, but it is not necessary because there is no fixed and always on signals on the LTE uplink. The following figure and table show how much UPT performance losses of LTE UL are. 
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Figure 7 UPT CDF Performance of UL LTE
Table 1: UPT Performance of UL LTE
	
	UL UPT (Mbps) 

	
	5%-tile 
	50%-tile 
	95%-tile 
	Average 

	Baseline
	0.92
	16.50
	37.38
	17.36

	Static FDM
	0.81
(-11.96%)
	10.81
(-34.48%)
	22.36
(-40.18%)
	10.85
(-37.50%)

	Dynamic sharing (extreme offloading traffic)
	0.89
(-3.26%)
	13.72
(-17.84%)
	32.79
(-13.32%)
	14.90
(-14.61%)

	Note:

Baseline: 20 MHz, 10 LTE UEs per cell, RU is 14%.
Static FDM: for each cell, 10 MHz for 10 LTE UEs and the other 10MHz for NR UEs. 

Dynamic sharing: 20 MHz, its worst case is 20 UEs (10 LTE UEs + 10 NR UEs) per cell, i.e. all of NR UEs are offloaded to LTE UL carrier.
Please refer to Appendix A for detailed simulation assumptions.


From the results in the table and figure above, it was observed that static FDM of resource sharing between LTE and NR suffer from obvious performance loss of LTE UL even at a very low traffic for baseline (RU 14%). To be specific, the average UPT (User perceived throughput) loss of static FDM is about 37.5% while the 95%-ile UPT suffers even higher loss 40.18%.It is because many UEs with good SINR have sufficient Tx power but are limited by the reduced bandwidth. As a result, it increases the delivery time of UL data packets which causes lower UPT. Although the average traffic RU is low, but the short-term traffic can be high due to the randomness of traffic load. The UPT of cell-edge UEs are degraded by other UEs longer delivery time and their longer queuing time. On the contrary, dynamic resource sharing allows LTE UEs to retain their UL bandwidth so that both the performance of NR UEs and LTE UEs can be maximized. For good comparison, the extreme offloading traffic is assumed for dynamic resource sharing, i.e. the total number of UEs and the traffic load is double with unchanged UL bandwidth and 10 NR UEs are offloaded to the LTE UL. This extreme case represents the worst case but it is very unlikely in real network because only part of NR UEs, especially the cell-edge NR UEs, will be offloaded to the shared UL carrier. Many NR UEs are still served by the NR dedicated UL carrier. Compared with the static FDM case, the worst case of dynamic resource sharing has much better performance.
Observation 3: Obvious UPT performance loss of LTE uplink, e.g. about 37.5% average UPT loss is observed for static FDM at very low traffic RU. On the contrary, the worse case of dynamic resource sharing with doubled traffic load has much better UPT performance. 
For non-static resource sharing cases, some candidates for resource sharing between LTE and NR are illustrated in Figure 8. Considering the available subcarriers on the shared carrier, NR may have more subcarriers than UE due to the high channel filter efficiency, and more resources can be utilized to allocate some NR channel on the RBs beyond the LTE PUCCH region, such as NR PUCCH and NR PRACH, this method can also provide semi-statically reserved resources for NR-PUCCH and NR-PRACH, as illustrated in Figure 8 (a).
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Figure 8 Resource allocation methods between LTE and NR
· Resource for NR-PRACH and NR-PUCCH

The NR-PUCCH and NR-PRACH are key physical channels to the NR system since it carries important control signals such as HARQ feedback and SR etc. Thus, the resource on the shared F1 for NR-PUCCH and NR-PRACH should be carefully considered. There would be short duration and long duration PUCCH in NR. To enable both kinds of NR-PUCCHs and to reduce additional NR scheduling complexity, it is desirable for LTE to reserve some resources for NR-PUCCH transmission in each subframe in a semi-static way. NR PUCCH/PRACH could be placed in semi-statically configured LTE PUCCH region (but not used by LTE PUCCH), which can avoid potential LTE SRS transmission and other LTE uplink signals, and it means NR PUCCH/PRACH will not be punctured by LTE SRS.
Observation 3: The current NR design is capable to have both FDM and TDM resource sharing for LTE-NR coexistence with UL sharing.
2.2.7.2 RB/subcarrier mapping

For FDM resource sharing, the subcarrier and RB alignment between LTE and NR are preferred to avoid inter-subcarrier interference between LTE and NR. Two alternatives [4] are identified during the previous RAN1 meeting for the alignment. One is to align the subcarrier in baseband processing similar as LTE UL and the other is to align the subcarrier through carrier frequency definition which is up to RAN4 defining the frequency for RF modulation. Currently no big issues are found to align the subcarrier for LTE and NR when sharing the same UL carrier frequency. And the subcarrier alignment can eliminate the interference between the two systems. RAN4 work on the requirements is also saved. This issue is also discussed in [5].
Observation 4: No big issue is found to align the subcarrier of LTE and NR in case of LTE-NR coexistence with UL sharing. 
Proposal 3: Support subcarrier alignment between LTE UL and NR UL with 15 kHz subcarrier spacing.
Note: It is expected that in unpaired NR bands, subcarrier alignment between NR DL and NR UL with same subcarrier spacing is supported.
2.2.8 Time synchronization
In this section some specific issues that are not considered in other topics are discussed in addition to the timing offset and the pathloss issues. 
For synchronization, there may be two cases can be considered. One is that the LTE system on lower frequency F1 and the NR dedicated carrier frequency F2 are strictly synchronized, i.e. the subframe boundary of the LTE system is strictly aligned with the NR subframe boundary on F2. And the other case is that the boundaries are not strictly aligned but with a fixed timing offset for a specific site due to that the FDD LTE system is not required to be synchronized for different sites. 
2.2.8.1 Timing offset due to subframe boundary misalignment between high and low frequency
On the LTE-NR shared F1, the FDD LTE timing is applied by the collocated NR UL. The time synchronization among different cells or sites in LTE FDD system is not required, and thus different LTE sites may have different timings on F1. But for the NR dedicated F2 as a TDD carrier frequency with SRS transmission, the NR carriers of different cells/TRPs/sites are supposed to be synchronized with each other. So there are timing offsets between the NR dedicated F2 and the shared F1. And the timing offsets of different NR sites/cells/TRPs on F1 are also different and this timing offset is fixed for a specific site. This timing offset should be known to the UE to avoid inter-carrier interference using FDM. 
Some companies have concerns on this issue and proposed not to support asynchronous LTE network in LTE-NR coexistence with UL sharing scenario. But actually, there are many LTE FDD networks are not synchronized and for LTE-NR coexistence, the FDD network has to be upgraded to be synchronous which is an additional burden to the FDD LTE network and bring extra cost to the operator to deploy this feature. There is no reason to not support it in the LTE-NR coexistence with UL sharing scenario. The timing offset between F1 and F2 could be informed to the NR UE by SIB carried on the NR dedicated F2. The timing offset between NR dedicated F2 and shared F1 could be in the range of -0.5ms to +0.5ms. 
For the scenario, when UE is operating on LTE-NR DC mode and LTE part is in CA mode with 2 UL carriers, and at the same time the LTE and NR is sharing the UL on the LTE UL Scell, and then the timing advance can be obtained from the LTE Pcell. 
Observation 5: In the scenario of LTE UL carrier sharing only, there can be a timing offset between NR dedicated carrier frequency and LTE-NR shared uplink carrier frequency.

Proposal 4: Signaling for the timing offset due to subframe boundary misalignment between high and low frequency indication needs to be supported.
2.2.8.2 Timing offset due to channel delay profile

In this scenario, DL synchronization is based on the DL signal on F2, and the shared UL frequency F1 maybe far away from F2, and the network equipment of LTE and NR may be different. This timing misalignment between F1 and F2 due to the channel delay profile may be measured by the uplink signal such as the preamble signal during the initial access on the lower shared frequency F1. 

For the timing offset due to the channel delay profile, in Rel-11 LTE inter-band carrier aggregation standardization phase, there were rich discussions and already have conclusion. In [6], RAN4 concluded the timing difference for the strongest paths from different frequencies is less than 0.52 us (one timing advance step) for 97-98% of the cases and always less than 2.5 us. This timing offset in history inter-band CA case comprises total offset of two directions, and in the UL only sharing case the downlink is from a same F2 and the offset is only comprises UL delay offset, about half of the amount in [6], which means the preamble window can handle this offset, allowing the PRACH transmission in both UL carriers can solve this potential timing offset issue.
Observation 6: Potential timing offset due to differences in channel delay profiles between UL and DL may be measured by the uplink signal, e.g. preamble.
2.2.9 Pathloss for power control
The LTE-NR shared UL carrier frequency F1 and the NR dedicated carrier frequency F2 will be located on different frequencies. And the channel characteristics will be different from each other due to the following factors

· Wireless channel including pathloss, breakpoint, penetration loss, shadow fading.
· TX/RX antenna configuration including number of antennas, antenna gain, beamforming etc. 
· Beamforming technologies including hybrid beamforming and beam management etc.
Usually, massive MIMO is used for high frequency and for UE the measurement is based on some reference signals with beam management. For the shared F1, number of antennas is less than that for high frequency, so the antenna gain is different between high frequency and low frequency, and the difference is related to the UE location and antenna pattern. For the NR UEs, the measurement is based on the signals which are transmitted on the NR dedicated carrier frequency F2. However, such measurement information is not applicable to the shared F1 as illustrated in Figure 9 (the simulation assumptions refer to Table A.2.1-11 in TR38.802 for urban Macro). Then the pathloss of the shared F1 is not available to the NR UE, resulting in the difficulty of the UL power control. 
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Figure 9 Pathloss comparison of 2.0GHZ, 3.5GHz and 30GHz
For the very initial power when the UE transmitting preamble on the shared F1, the pathloss can be adjusted based on the pathloss on the NR dedicated F2. And the adjustment could be a pathloss offset configured in SIB by the gNB. And this pathloss offset could be roughly estimated based on the frequency difference, antenna configuration and pattern etc. And for the preamble transmission in connected mode, the pathloss offset should be used, since different UE has different pathloss.
When the UE successfully accesses the network, more accurate pathloss can be obtained by adjusting the pathloss offset. And this UE specific pathloss offset can be configured. To derive this pathloss offset, one of the solutions is to measure it by gNB through RX power difference between the uplink reference signal on shared F1 and the uplink reference signal on the NR dedicated F2 when the two reference signal are using the same transmission power. Another possible solution is with a configured power for the uplink reference signal transmission [7]. Thirdly, the power control parameter P0 can be updated which may need more bits or procedure [8] or needs increased range for P0 if the power control is similar to that of LTE. 
The inaccuracy of the estimated pathloss can be compensated by the close loop uplink power control for the NR PUSCH/SRS/PUCCH. In addition for the NR PRACH power control, one configurable pathloss offset can be indicated to the UE which may be a function of the carrier frequency and antenna configuration. Power ramping up for the preamble transmission can also be used.
The evaluations results of NR UE executing the uplink power control based on the pathloss measured on the NR dedicated F2 and the indicated pathloss difference are presented in Table 2. The simulation assumption refers to the urban macro scenarios of TR38.802. 
· Case 1: assume the NR UE can detect the LTE downlink reference signal to measure the pathloss of the shared F1
· Case 2: NR UE executing the uplink power control based on the pathloss measured on the dedicated F2 and the indicated pathloss difference (F2 and F1 are with same antenna configuration). 
· Case 3: NR UE executing the uplink power control based on only the pathloss measured on the NR dedicated F2 (F2 and F1 are with same antenna configuration).
· Case 4: NR UE executing the uplink power control based on the pathloss measured on the dedicated F2 and the indicated pathloss difference. (F2 and F1 are with different antenna configuration)

· Case 5: NR UE executing the uplink power control based on only the pathloss measured on the NR dedicated F2. (F2 and F1 are with different antenna configuration)

Table 2 performance comparison for power control solution
	
	Cell average throughput (Mbps)
	Cell edge throughput (Mbps)

	Case 1
	36.24
	0.37

	Case 2
	36.13 (-0.3%)
	0.36 (-2.7%)

	Case 3
	34.30 (-5.35%)
	0.28 (-24.32%)

	Case 4
	35.98 (-0.72%)
	0.35 (-4.44%)

	Case 5
	33.45 (-7.70%)
	0.16 (-56.76%)


 It can be observed from the simulation results that with the indicated pathloss difference, the NR UE can execute the uplink power control and get nearly similar performance with the assumption of intra-band measurement, but without the indicated pathloss difference there is a significant performance loss for the cell edge throughput.
Proposal 5: Mechanism of pathloss acquisition for the LTE-NR shared uplink carrier and configurable pathloss offset needs to be supported, when the frequency distance between NR downlink and shared UL uplink is larger than normal duplexing distance. And support at least one of the following pathloss acquisition mechanisms
· Pathloss offset is measured according to the uplink signal and informed to the UE by gNB
· Pathloss is measured according to the power configured uplink signal and informed to the UE by gNB
2.2.10 SRS

2.2.10.1 NR-SRS transmission on LTE-NR shared UL carrier frequency
As was agreed in RAN1#88, aperiodic, periodic, and semi-persistent SRS are all supported in NR [3]. When transmitting NR-SRS on the shared F1, the NR-SRS and LTE UL signals collision should be avoided. Considering that NR-SRS would only be transmitted in the interested bandwidth, the design of NR-SRS transmission on the LTE-NR shared UL carrier frequency F1 can focus on avoiding collisions between NR-SRS and LTE-SRS and between NR-SRS and LTE-PUSCH. To avoid the collision between the NR-SRS and LTE PUSCH and LTE SRS, one possible way is that the cell specific SRS is configured to the LTE UE and only a subset of the SRS resource are configured to the LTE UE to transmit SRS and then the remaining resources can be used for the NR-SRS transmission where one of the NR-SRS configurations can perfectly match the reserved resources. For other NR-SRS configurations, the resources can be reserved by not scheduling LTE users on the resource. 

2.2.10.2 NR-SRS transmission on different carrier frequency
To improve the DL-MIMO performance, it is desired to transmit SRS on the NR dedicated carrier frequency, and the TRP can estimate DL channel with SRS by channel reciprocity. Thus, the NR UE may be required to transmit NR-SRS on at least two carrier frequencies, i.e. the shared F1 and the NR dedicated F2. If the NR UE is not able to transmit the SRS on both frequencies simultaneously because of, e.g. UL capability limitation, SRS carrier switching can be considered as a solution[9]. 

3 Conclusion

In this contribution, an overview of the LTE-NR coexistence with UL sharing is provided. Based on the discussion, we have the following observations and proposals:
Observation 1: From NR UE perspective, the UL selection capability is distinguished from the capability of simultaneous dual UL transmissions, which can link to not only two different UE types but also different band definitions.
Observation 2: For LTE-NR coexistence with UL sharing, simultaneous transmission on two UL carrier frequencies may require,

· Higher UE implementation cost

· Stricter transmission synchronization of UE between two UL frequencies

· Additional maximum Tx power reduction

· Stricter RF requirements to meet

· Higher RAN4 workloads for band definition and band requirements
Observation 3: Obvious UPT performance loss of LTE uplink, e.g. about 37.5% average UPT loss is observed for static FDM at very low traffic RU. On the contrary, the worse case of dynamic resource sharing with doubled traffic load has much better UPT performance..
Observation 4: The current NR design is capable to have both FDM and TDM resource sharing for LTE-NR coexistence with UL sharing.
Observation 5: In the scenario of LTE UL carrier sharing only, there can be a timing offset between NR dedicated carrier frequency and LTE-NR shared uplink carrier frequency.

Observation 6: Potential timing offset due to differences in channel delay profiles between UL and DL may be measured by the uplink signal, e.g. preamble.
Proposal 1: The UL frequency transmission selection at least for PRACH can be based on UE DL measurement.

Proposal 2: Simultaneous transmission on two UL carrier frequencies is not a prerequisite for UL LTE-NR coexistence. 

Proposal 3: Support subcarrier alignment between LTE UL and NR UL with 15 kHz subcarrier spacing.
Note: It is expected that in unpaired NR bands, subcarrier alignment between NR DL and NR UL with same subcarrier spacing is supported.
Proposal 4: Signaling for the timing offset due to subframe boundary misalignment between high and low frequency indication needs to be supported.
Proposal 5: Mechanism of pathloss acquisition for the LTE-NR shared uplink carrier and configurable pathloss offset needs to be supported, when the frequency distance between NR downlink and shared UL uplink is larger than normal duplexing distance. And support at least one of the following pathloss acquisition mechanisms

· Pathloss offset is measured according to the uplink signal and informed to the UE by gNB

· Pathloss is measured according to the power configured uplink signal and informed to the UE by gNB
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Appendix A
	Parameters
	Urban Macro

	Layout
	Single layers
 - Macro layer: Hex. Grid

	Inter-site distance
	500m

	Carrier frequency 
	1.8GHz

	Simulation bandwidth and subcarrier spacing 
	20MHz, 15KHz/RE (FDD)

	Channel model 
	3D UMa

	UE Maximum Tx power 
	23 dBm 

	BS antenna configuration 
	(M,N,P,Mg,Ng) = (10,2,2,1,1) 

(dH,dV) = (0.5, 0.8)λ
A column of BS antennas in each polarization map to one TXRU

	BS antenna pattern
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	BS antenna height 
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure 
	5 dB

	UE antenna configuration 
	(M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)

	UE antenna pattern
	Omni

	UE antenna height
	Follow TR36.873

	UE antenna gain
	0 dBi

	Traffic model
	FTP traffic model 3 with packet size 0.1Mbytes 
UL User packet arrival rate λ is 0.5

	UE distribution
	80% Indoor in houses: 3km/h

20% Outdoor in cars: 30km/h

	BS receiver 
	MMSE-IRC 

	UE association
	based on RSRP

	Transmission mode
	SU-MIMO 

	Scheduling algorithm
	Proportional-fair
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