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1. Introduction

In RAN4#94-e, the impact of positioning on existing RRM requirements were discussed and the outcomes are captured in the agreed WF [1]. Several issues are addressed by the WF, including
· New MG pattern and separate MG for PRS and RRM measurements

· Concurrent PRS and RRM measurements

· UE active BWP change during PRS measurement period

In this paper, we will provide our views on above issues. In addition, we will also discuss whether UE needs to perform additional RRM measurement for positioning purpose.
2. Discussion
2.1. MG
In [1] the following are captured related to new MG pattern for PRS measurement and separate MG for PRS and RRM measurements.

	· RAN4 to further discuss the need for new MG patterns with MGL > 6ms for positioning
· Option 1:  Introduce new gap pattern(s) with MGL > 6 ms for PRS measurements. Max value of MGL is FFS.
· Option 2:  Do not introduce new gap pattern(s) with MGL > 6 ms for PRS measurements.
· RAN4 to further study the need for separate MG patterns for positioning and RRM


In NR the length of a PRS occasion is mainly determined by the following parameters in PRS configuration:

· Symbol number of each resource
· Each resource may take {2,4,6,12} OFDM symbols in a slot (depends on comb size)
· Number of PRS resources 
· Similar as SSB, we assume the maximum resource number is 8 for FR1 and 64 for FR2
· Number of repetitions
· Each resource may be repeated {1,2,4,8,16,32} times on slot basis
· SCS
· Four SCS-es {15,30,60,120}kHz are supported 
· Time offset between different TRPs

· Fully up to network configuration how to bundle PRS resources from different TRPs into one PRS occasion
Many combinations of above parameters can lead to PRS occasion length being larger than 5ms, which is the largest effective measurement time for current MG patterns. Therefore, we think new MG patterns with larger MGL should be introduced, as otherwise many PRS configurations cannot be effectively used and the corresponding use case will not be supported. 
Proposal 1: Introduce new MG pattern with larger MGL for PRS measurement.

Another issue is whether to introduce separate MG for PRS measurement and RRM measurement. The issue is that based on RAN1#99 agreement PRS will not be transmitted on the SSB symbols, so it is likely that the PRS occasion and the SMTC window are not overlapped in time domain. Thus, UE is not able to receive both of them with one MG offset, unless they can be covered by one MGL. In this sense, it is meaningful to introduce separate MG for PRS measurement and RRM measurement.
On the other hand, we understand this is a new scenario (in LTE and NR so far UE is only configured with one MG), and it may be difficult for RAN4 and other WGs to give a thorough analysis on its impact within two meetings. Therefore, we suggest to look into this scenario as an enhancement in Rel-17. 

For Rel-16, there are two options in our view how to address the non-overlapping PRS occasion and SMTC
· Option 1: If the SMTC and PRS occasion can be covered by the same MGL, UE can perform both PRS measurement and RRM measurement. 

· Note that this does not mean UE performs concurrent PRS and RRM measurements, which is discussed in section 2.2 below.

· With this option, the design of MG pattern for PRS measurement also needs to take into account the SMTC window in proximity of PRS occasion

· Option 2: UE is not required to perform MG based RRM measurement during the positioning session.

Proposal 2: Do not introduce separate MG for PRS and RRM measurement in Rel-16, and consider at least the following options for RRM measurement.
· Option 1: If the SMTC and PRS occasion can be covered by the same MGL, UE can perform both PRS measurement and RRM measurement. 

· Option 2: UE is not required to perform MG based RRM measurement during the positioning session.
In defining the new MG patterns, the consideration factors include

· The PRS occasion length

· The impact to data throughput and link reliability

· The SMTC window length (if Option 1 in Proposal 2 is adopted)
· Number of new GP patterns 
In Table 1 we listed some PRS configurations that we see as important for real deployment.
Table 1: Examples of PRS configurations leading to new MG pattern
	Comb
	Num of resources
	Repetition
	SCS (mu)
	PRS length in ms

	4
	8
	2
	0
	6

	4
	8
	4
	0
	12

	6
	8
	4
	1
	8

	4
	64
	1
	2
	5.5

	4
	64
	2
	2
	11

	6
	64
	2
	2
	16

	4
	64
	2
	3
	5.5

	4
	64
	4
	3
	11

	6
	64
	4
	3
	16

	12
	64
	4
	3
	32


Based on Table 1, a list of new MGLs are {10,16,20,40}ms. For the MGRP, we suggest that the smallest value is 160ms considering the typical deployment, and two larger values {320,640}ms are introduced to avoid big throughput impact when large MGL is used.
Proposal 3: The following 12 new MG patterns are defined

· MGL: {10,16,20,40}ms
· MGRP: {160,320,640}ms
2.2. Concurrent PRS and RRM measurement
In [1] the following are captured related to concurrent PRS and RRM measurement.

	· RAN4 to further study and discuss the impact of:

· Performing RRM measurement during PRS processing time

· Performing PRS measurement during RRM processing time


UE buffering and processing capability for PRS measurement are defined in RAN1 feature list as follows.

	1. Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported by UE

a. It is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE

b. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value

i. Note: this overrides the 272 RB assumption in the previous RAN1 agreement.

c. UE DL PRS processing capability is signaled per band

d. UE DL PRS processing capability is defined for a single positioning frequency layer

e. UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

f. FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS

g. FFS if reported values of T are the same across bands within a FR or across FRs


Basically, after UE buffers samples of Nms duration for PRS measurement, it would offline process these samples during the following Tms. Both Nms and Tms are reported as UE capability. During the Tms, UE calculates the timing from each PRS resource with correlation which is a quite resource demanding operation. Due to the resource restriction, the UE may not be able to process the samples for RRM measurement during the Tms time. This is shown in Figure 1, where we take the example of 20ms SMTC period, 160ms PRS occasion period, N=3ms and T=20ms.
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Figure 1: Illustration of resource restriction between PRS and RRM measurement
It can be seen that 1 out of 8 SMTC windows cannot be used for RRM measurement due to PRS processing. This means when performing PRS measurement UE cannot meet the existing RRM requirements, which are based on the assumption that UE measures every SMTC window for RRM. 

The same measurement restriction also applies in the other way around, i.e. after UE buffers samples for RRM measurement (SMTC window or CSI-RS occasion), during the processing time it cannot process PRS samples. The processing time for RRM measurement can be further discussed. For example, similar capability reporting as for PRS measurement can be considered for CSI-RS measurement.

RAN4 needs to discuss the UE measurement behavior for this measurement restriction. There can be different options:

· Option 1: UE always prioritizes PRS measurement. 

· Option 1a: RRM measurement requirements are not specified. This is the same case as in Rel-15 eMTC, when UE is using the extended gap patterns for RSTD measurement.

· Option 1b: RRM measurement requirements are relaxed by considering the punctured SMTC windows due to PRS measurement. This is the same case as in CSSF derivation for measurement within gaps, where LTE PRS measurement always takes the gap occasion when it occurs.

· Option 2: UE shares the measurement resource between RRM and PRS measurement. This is the same case as in gap sharing between intra- and inter-frequency RRM measurement. 

· Other options are not precluded
When defining the UE measurement behavior, RAN4 should take into account 

· the impact to RRM performance, e.g. completely having no RRM measurement requirements during the positioning session may cause problem to mobility, and 

· the UE complexity, e.g. it may be difficult for UE to schedule the PRS/RRM measurement when available measurement occasions change with BWP switching, and 

· the specification effort, e.g. there are many cases to be considered since both RRM and PRS occasions can be configured with their own periodicity and offset, and there can be multiple frequency layers. 
In summary, the measurement restriction that UE cannot process RRM measurement during the processing time of PRS samples (and vice versa) should be addressed, and we are open to discuss the detailed measurement behavior and corresponding requirements.
Proposal 4: UE is not expected to perform RRM measurement during the processing time after a PRS occasion, or to perform PRS measurement during the processing time after the SMTC or CSI-RS occasion. Detailed UE measurement behavior is FFS.
2.3. UE active BWP change
In [1] the following are captured related to UE active BWP change during PRS measurement period.

	· RAN4 to further study and discuss if:

· PRS-RSTD and PRS-RSRP measurement requirements apply when UE’s active DL BWP is changed during the measurement period. 
· UE Rx-Tx time difference measurement requirements apply when UE’s active DL and UL BWP is changed during the measurement period


In our understanding, there are 4 cases from PRS measurement point of view when UE active BWP is changed during the PRS measurement period.

· C1: PRS can be measure without MG both before and after UE active BWP change

· For this case, MG for PRS measurement is not needed during the measurement period, and we do not see the impact to PRS measurement due to UE active BWP change

· C2: PRS can be measure with MG both before and after UE active BWP change

· For this case, MG for PRS measurement needs to be configured before the measurement period, and we do not see the impact to PRS measurement due to UE active BWP change
· C3: PRS can be measure without MG before UE active BWP change but with MG after the change

· For this case, MG needs to be configured before the UE active BWP change, and UE meets the requirement of longer PRS measurement period from those with and without MG. If MG is not configured before the UE active BWP change, no requirement applies.
· C4: PRS can be measure with MG before UE active BWP change but without MG after the change
· For this case, MG needs to be configured before the measurement period, and UE meets the requirement of longer PRS measurement period from those with and without MG. If MG is not configured before the measurement period, no requirement applies.

Based on above analysis, we see it is still possible for PRS measurement period requirements to apply, provided that MG is configured before UE performs PRS measurement with MG. If the need for MG changes with UE active BWP change, UE is expected to meet the requirement of the longer one between the PRS measurement period with and without MG.
Proposal 5: PRS measurement period requirements apply when UE active BWP changes, provided that MG is configured before UE performs PRS measurement with MG.
Proposal 6: If the need for MG changes with UE active BWP change, UE is expected to meet the requirement of the longer one between the PRS measurement period with and without MG.
2.4. Additional RRM measurement for positioning 
For PRS measurement, a PRS resource may be configured with an SSB index, which provides the timing (TypeC) and/or the spatial (TypeD) QCL information for receiving the PRS. In our view, UE should not be required to perform additional measurements on the QCL source SSB. Instead, UE may reuse the existing SSB measurement from RRM, to quickly find the Rx timing and/or the Rx beam of the PRS. 
It should be also noted that:
· PRS processing capability defined in RAN1 does not cover any SSB measurement in addition to PRS measurement,
· Existing SSB measurement requirements for RRM does not cover any additional measurement triggered by positioning. UE performing additional SSB measurement would lead to a lot of impacts to existing RRM requirements, e.g. measurement capability and CSSF, and it is not possible for the serving cell to account for these impacts as the PRS measurement configuration is from LMF.
Proposal 7: UE is not required to perform additional SSB measurement for the SSB configured as QCL source of PRS resources.

Similarly, for ECID positioning UE is requested via LPP to report SS-RSRP/RSRQ and/or CSI-RSRP/RSRQ. In our understanding, there is no additional RRM measurement triggered when UE receives NR-ECID-RequestLocationInformation-r16, but UE just reports the available measurement results obtained for the configured RRM measurement.
Proposal 8: UE is not required to perform additional RRM measurement for ECID.
3. Conclusions

In this paper we provided our views on the impact to RRM requirements due to positioning.
Proposal 1: Introduce new MG pattern with larger MGL for PRS measurement.

Proposal 2: Do not introduce separate MG for PRS and RRM measurement in Rel-16, and consider at least the following options for RRM measurement.

· Option 1: If the SMTC and PRS occasion can be covered by the same MGL, UE can perform both PRS measurement and RRM measurement. 

· Option 2: UE is not required to perform MG based RRM measurement during the positioning session.
Proposal 3: The following 12 new MG patterns are defined

· MGL: {10,16,20,40}ms
· MGRP: {160,320,640}ms
Proposal 4: UE is not expected to perform RRM measurement during the processing time after a PRS occasion, or to perform PRS measurement during the processing time after the SMTC or CSI-RS occasion. Detailed UE measurement behavior is FFS.
Proposal 5: PRS measurement period requirements apply when UE active BWP changes, provided that MG is configured before UE performs PRS measurement with MG.

Proposal 6: If the need for MG changes with UE active BWP change, UE is expected to meet the requirement of the longer one between the PRS measurement period with and without MG.
Proposal 7: UE is not required to perform additional SSB measurement for the SSB configured as QCL source of PRS resources.

Proposal 8: UE is not required to perform additional RRM measurement for ECID.
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