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1 Introduction
RAN4 has completed the UE RRM requirements for the support of NSA option 3 (EN-DC) in RAN4#85. However, due to time limit, some requirements are still open. 

For intra-frequency measurement, the requirements are defined in section 9.2 of 38.133. Besides the gap related issues there are in our understanding two other issues open:
· The requirement when there are multiple serving cells

· The requirement for FR2
In this paper, we will provide our views on the open issues in intra-frequency measurement requirement. 
2 Discussion
An editor note is added to several places in section 9.2 as below due to multiple serving cells.

	Editor’s Note : The requirements below have been derived so far assuming no configured Scell or E-UTRA SCell. The requirements when one or more SCells or E-UTRA SCells are configured is for further study. The requirements below have been derived without considering gap sharing when all SMTC occasion are fully overlapping with measurement gaps.


This issue was raised up by some companies in RAN4#85, but due to time limit, it was not fully discussed and no conclusion was made. 

In LTE, the performance requirements for serving cells (PCell, PSCell and SCell) are not scaled by the number of serving carriers. It is assumed that UE can measure all the serving cells in parallel since it has the Rx chain to receive simultaneously on all the serving cells.
In NR, UE still has the Rx chain to simultaneously receive from all serving cells, but according to some companies, the issue is on the baseband processing capability. Unlike LTE, in NR the SSBs are most likely to be synchronized across carriers, so if the intra-frequency requirements are not scaled, UE needs to do cell search and measurement for all the serving carriers at the same time. On the other hand, the baseband searcher has limited capability. In LTE one searcher can process multiple carriers in sequence (the SS is transmitted every 5ms and CRS every subframe), but this is now not possible in NR with synchronized SMTC across carriers. 

Some companies mentioned that in worst case the intra-frequency requirement may need to be scaled by the number of serving carriers. For example, when there are 8 serving cells (1 PCell and 7 SCells), the requirement is scaled by a factor of 8 compared to the case when there is no SCell. We understand here the assumption is UE only has one searcher, and the searcher can process one carrier at one time, and we think it is too pessimistic.
First, in the beginning of LTE, there was no CA/DC considered. UE is assumed to only work on a single serving carrier, and only since Rel-10 additional serving cells are considered. The whole RRM framework including the searcher implementation may not be well adapted for multiple serving cells. For NR, the support for multiple serving cells is introduced from the beginning, and this has to be considered in the UE RRM design. For example, we cannot assume one searcher (which is the baseline for LTE) for NR. 
Actually the same issue was discussed in LAA WI, and the conclusion there is implying that a LAA capable UE may implement two searchers. During the discussion, some chipset vendors also mentioned the possibility to have more searchers when the number of SCells becomes larger.
Observation 1: NR has support for multiple serving cells (CA/DC) from the beginning, which needs to be considered in the UE RRM design. 

Second, in LTE the searcher may be designed assuming the SS is easily available, so the processing power may not be an issue as multiple carriers can be processed in sequence. For NR, the issue of synchronized SSB across multiple serving carriers is known from the beginning, and should be considered in the UE RRM design. For example, the capability of store-and-post-processing may be considered, i.e. UE may store the SSB samples for some serving cells from the SMTC window and post process them before the next SMTC window. 
Observation 2: The synchronized SSB across multiple serving carriers is a known issue for NR, which needs to be considered in the UE RRM design. 

Based on above observations, we think when defining the intra-frequency requirements for multiple serving cells, the assumption in UE searcher implementation (e.g. number, capability) should be better than in LTE.
Proposal 1: When defining the intra-frequency requirements for multiple serving cells, the assumption in UE searcher implementation (e.g. number, capability) should be better than in LTE.

Another open issue in intra-frequency (and also inter-frequency) requirements is how to account for Rx beamforming in FR2. It is common understanding in RAN4 that for FR2 measurement, UE may only steer its Rx beam to one direction in one SMTC window, and need to sweep the Rx beam to find the best receiving beam for different SSBs, so the measurement requirements may need to be scaled considering the number of Rx beams. 

In general, we see the need to scale, but on the other hand, one should note that the channel condition can be very dynamic in FR2 due to beamforming, so timely measurement and report is key if mobility is to be supported in FR2. The side condition may also be different in FR2 due to beamforming, which means the cell detection and measurement may be conducted under high SNR condition. Finally, using multiple samples for averaging as in FR1 may not be important since the baseband uncertainty may only be a small part in the overall measurement uncertainty (the other big part comes from Rx beamforming). Therefore, we think FR2 measurement requirements should ensure fast measurement and report, and single-shot requirements may be considered.

Proposal 2: FR2 measurement requirements should ensure fast measurement and report, and single-shot requirements may be considered.  
3 Conclusions 

In this paper, we provided our views on the intra-frequency measurement requirements. 
Specifically, we have the following proposals.

Observation 1: NR has support for multiple serving cells (CA/DC) from the beginning, which needs to be considered in the UE RRM design.
Observation 2: The synchronized SSB across multiple serving carriers is a known issue for NR, which needs to be considered in the UE RRM design. 

Proposal 1: When defining the intra-frequency requirements for multiple serving cells, the assumption in UE searcher implementation (e.g. number, capability) should be better than in LTE.
Proposal 2: FR2 measurement requirements should ensure fast measurement and report, and single-shot requirements may be considered.  
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