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1. Introduction

In RAN4#93, the impacts of PRS measurement on existing RRM requirements were discussed. Following are related agreements as captured in the WF [1].
	· Existing handover requirements shall apply while the UE performs PRS based measurements.

· Existing requirements on UE transmit timing in section 7.1 and TA in section 7.3 in TS 38.133 shall apply during the PRS based positioning measurements.


However, RAN4 has not discussed the interaction between PRS measurement and RRM measurement, i.e. the SSB based and CSI-RS based mobility measurement. In this paper, we will provide our views on this issue. 
2. Discussion
2.1. PRS measurement and RRM measurement
RAN1#99 has discussed the UE buffering and processing capability for PRS measurement, and the agreement was 

	Agreement:
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability


Basically, after UE buffers samples of Dms for PRS measurement, it would offline process these samples during the following Tms. Both Dms and Tms are reported as UE capability. During the Tms, UE calculates the timing from each PRS resource with correlation, this is a quite resource demanding operation. Due to the resource restriction, the UE may not be able to process the samples for RRM measurement. 

This is shown in Figure 1, where we take the example of 20ms SMTC period, 160ms PRS occasion period, D=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 every SMTC window is available for RRM measurement. 
The same measurement restriction also applies in the other way around, i.e. after UE buffers samples for RRM measurement, after 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 1: 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.
2.2. Measurement gap

In RAN1#99, it was agreed that
	Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH

· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols

· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)


Although in a slot in which SSB is transmitted on some symbols, PRS can still be transmitted on other symbols, it is quite likely for the network to transmit PRS in slots without SSB. This is because a PRS resource will span over several consecutive OFDM symbols, and it is easier to map the symbols in a clean slot than one punctured by SSB. Also, as discussed in section 2.1, even PRS is within SMTC window, UE may not be able to measure SSB and PRS simultaneously. 

When network transmits SSB (or CSI-RS for RRM) and PRS in different slots, it is a question whether they can be all covered by the same measurement gap pattern. In LTE, UE could request measurement gap for RSTD measurement and indicate the suggested gap offset (based on the PRS configuration it received from the assistance data). UE can also perform RRM measurement with the same gaps with LTE PSS/SSS/CRS. In NR, however, the gap with offset as requested by UE for PRS measurement may not cover the SMTC windows, e.g. with the following configuration

· SMTC: 20ms periodicity with offset 0

· PRS: 160ms periodicity with offset 10ms

If a single gap is used, UE cannot measure both RRM and PRS during the whole positioning session, i.e. until the gap offset is reconfigured to cover the SMTC windows. Therefore, we think RAN4 should discuss if PRS measurement can be performed with a separate gap configuration from RRM measurement. For the above example, 

· For RRM: gap configuration 1 is 20ms MGRP with offset 0

· For PRS: gap configuration 2 is 160ms MGRP with offset 10ms
Proposal 2: RAN4 to discuss whether UE can be configured with a separate gap configuration for PRS measurement in parallel to the gap configuration for RRM measurement.
In RAN4#93 there were some discussions on the gap patterns (MGL and MGRP) for PRS measurement, though no agreement was made. In principle, the MGL should be larger than the duration of PRS occasions. Following RAN1 design, a PRS occasion is likely to be include all PRS resources from a resource set, so the PRS occasion duration is based on
· Length of PRS resource: a single PRS resource can be 2, 4, 6 or 12 symbols in a slot

· PRS resource repetition: a resource may be repeated by up to 32 times, where each repetition is a separate slot

· Multiple resources in a resource set: the number of resources roughly corresponds to the number of Tx beams, e.g. it can be up to 8 in FR1 and up to 64 in FR2

It can be seen that with some configurations, the PRS occasion duration can be larger than 5ms which is the largest effective measurement time supported by existing gap patterns, especially with large comb size and large repetition. Therefore, we think RAN4 should discuss whether to introduce new gap patterns with larger MGL for PRS measurement. 
Proposal 3: RAN4 should discuss whether to introduce new gap patterns with larger MGL for PRS measurement.
3. Conclusions

In this paper we provided our views on the impact of PRS measurement to existing RRM measurement.
Proposal 1: 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 2: RAN4 to discuss whether UE can be configured with a separate gap configuration for PRS measurement in parallel to the gap configuration for RRM measurement.
Proposal 3: RAN4 should discuss whether to introduce new gap patterns with larger MGL for PRS measurement.
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