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Introduction
In RAN1#89, the following agreements were made:
Agreement #1:
· RAN1 assumes at least SSS is used for SS block RSRP
· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
Agreement #2:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

In RAN1#89, the following conclusion was also reached:
Conclusions:
· RAN1 should conclude one or multiple SS burst periodicity and the timing for UE RRM measurement per frequency carrier if indicated in the next meeting

In this contribution, we discuss how to handle the power offset between NR-SSS and PBCH-DMRS. We also discuss the SS burst set periodicity and timing for RRM measurement per carrier, in relation to the conclusion from RAN1#89.
[bookmark: _Ref178064866]Discussion
Use of the PBCH DMRS
The discussion regarding using the measurements on the SS block is meant to define a framework to enable RAN4 to start requirement for the procedure. The discussion has been discussed if RAN4 should develop requirements under the assumption that the UE may use the DMRS in the PBCH. 
In [1], we propose to use 3 REs/OFDM symbol/PRB for DMRS inside the PBCH. Since, according to the current agreement, the PBCH uses 288 subcarriers, the REs with DMRS are spread over a wider bandwidth than the PSS/SSS, leading to more averaging in the frequency domain. There is thus a gain in received signal energy, as well as additional frequency diversity. It seems natural to take the opportunity and include also the PBCH DMRS in the estimation procedure.
To investigate the potential gains of including also the PBCH DMRS in the calculation, link evaluations have been performed. RSRP estimation accuracy of different RS options has been compared in low and medium dispersion conditions (30 and 300 ns RMS delay spread) in 20 MHz signal BW at 15 kHz subcarrier spacing. The SSB was modelled as the 4-symbol block agreed in RAN1#88bis: PSS/SSS consisting of 144 subcarriers and PBCH consisting of 288 subcarriers. While there is no agreement yet on the DMRS structure, we assumed that every 6th RE in the PBCH symbols is allocated to DMRS. As a comparison, estimation accuracy based on a full-BW (20 MHz) CSI-RS with comb factor 2 was also simulated.  

Figure 1: Median absolute RSRP estimation error for a low-dispersion channel.



Figure 2: Median absolute RSRP estimation error for a moderately dispersive channel.

The plots depict RSRP estimation accuracy using the CSI-RS, the PSS/SSS only, and PSS/SSS together with PBCH DMRS. Both SSB-based performance curves show an expected gap to the CSI-RS. This is due to both the larger number of REs and the full-BW span of the CSI-RS signal, whereby noise is suppressed more effectively and channel variations over the band are captured fully. Comparing SSB-based estimation with and without PBCH DMRS, utilizing the DMRS provides slightly improved RSRP estimation accuracy at low SNRs, but the gains are minor in the evaluated conditions. 
Although the SSB-based measurements offer relatively lower accuracy than CSI-RS in some scenarios, most obviously at low SNR and at low dispersion, the resulting absolute estimation errors are moderate (1-2 dB at 50-percentile, up to 3 dB at 75-percentile) and likely sufficient for RSRP measurements in many practical deployments. Using PBCH DMRS in addition to PSS/SSS in SSB-based RSRP estimation should therefore be supported since it can provide performance improvements in some situations. 
[bookmark: _Ref481678914][bookmark: _Toc485401771]The UE may use the PBCH DMRS in addition to the PSS/SSS for mobility measurements in IDLE and CONNECTED mode.
To be able to use the both the SS and the PBCH DMRS, the UE must know the power offset between the SSS and the PBCH DMRS. In line with the NR paradigm to provide a large amount of flexibility, this offset should be configurable, to handle different deployment situations. The power offset information would be used during cell reselection, as well as for handover measurements. Therefore, we propose
[bookmark: _Ref485216623][bookmark: _Toc485401772]The UE will be provided with the power offset between the SSS and the PBCH DMRS in other system information. The offset will be provided per cell. In the absence of any information about the offset, the UE will assume a fixed offset, stated in the standard.
The standardized default offset will be determined to balance detection performance of SSS and decoding performance of the PBCH. Hence, the offset can be determined once the contents and format of the PBCH have been settled.
Proposal 1 and Proposal 2 imply that when RAN4 defines requirements for SS block reception, the UE may assume that it can use the PBCH DMRS as well. If the PBCH DMRS is used in an actual UE implementation is up to the UE vendor. 
RRM measurement timing
RAN1 has agreed that all the SS blocks within an SS burst set will be confined within a 5ms window, to ease the UE measurement process. This is of particular importance in idle mode, to reduce the UE power consumption, and to perform inter-frequency or inter-RAT measurements. However, limiting the length of the SS burst set from one NR cell is not enough: we should also limit the number of measurement occurrences, to enable the UE to sleep for long periods. 
The UE will be required to measure the RSRP on SS blocks from its serving as well as from neighbour cells. To make it possible for the UE to use a small measurement window, the UE will be provided with information when the actual SS blocks are transmitted, as part of system information. Since the UE will use the information also in Idle mode, it is reasonable to include the measurement window(s) in the remaining minimum system information.
Obviously, the UE will be provided with at least one measurement window, and in many cases, one window will be sufficient. The window will be specified by a periodicity, a length and an offset. For instance, the window will be 3ms long, starting at every even frame boundary.
In many cases, one measurement window will be sufficient, and when the UE is configured with one window, it will enjoy the smallest power consumption. In some cases, however, it may be relevant to have more than one periodicity. This may happen for instance when a neighbour cell has an SS burst set periodicity which is larger than that of the serving cell. For instance, if the serving cell uses 20ms periodicity, and the neighbour cell uses 80ms periodicity, it would be beneficial to require that the UE uses two different measurement windows. This would provide comparable RSRP measurement across the two cells. We don’t see any need to provide measurement windows in Idle mode with periodicities shorter than 20ms: even if a node uses a SS burst set periodicity of 5ms, the advertised measurement window periodicity would be 20ms.  On the other hand, measurement window periodicities of 20, 40, 80 and 160ms may be applicable. However, it is unlikely that many periodicities are useful in a local area. Therefore, we propose
[bookmark: _Ref485216655][bookmark: _Toc485401773]The UE will be provided with up to two independent measurement windows to perform RRM measurements on SS blocks. The windows will be provided in remaining minimum system information. Each measurement window is specified by length, periodicity and offset.
Limiting the occurrences and lengths of the measurement windows is mostly relevant in Idle mode. In connected mode, the UE power consumption caused by measurements is small compared to other processes. Furthermore, it may be beneficial to provide the UE with more measurement opportunities if more frequent reference signal transmissions are performed. Hence, we conclude that more measurement windows are suitable for UEs in connected mode, and we hence propose:
[bookmark: _Ref485216664][bookmark: _Toc485401774]In connected mode, the UE may be configured with up to 4 independent measurement windows. 

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	The UE may use the PBCH DMRS in addition to the PSS/SSS for mobility measurements in IDLE and CONNECTED mode.
Proposal 2	The UE will be provided with the power offset between the SSS and the PBCH DMRS in other system information. The offset will be provided per cell. In the absence of any information about the offset, the UE will assume a fixed offset, stated in the standard.
Proposal 3	The UE will be provided with up to two independent measurement windows to perform RRM measurements on SS blocks. The windows will be provided in remaining minimum system information. Each measurement window is specified by length, periodicity and offset.
Proposal 4	In connected mode, the UE may be configured with up to 4 independent measurement windows.
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