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Introduction
In RAN1 meeting #88bis, the SS block RSRP has been defined as measured RSRP from SSS, and the additional use of PBCH-DMRS for measurement is FFS [1]. Besides, it agreed that the length of SSS is 127, PBCH-DMRS is used as reference signal for PBCH, BW of PBCH is 288 subcarriers, and PBCH occupies 2 OFDM symbols [1].
	Conclusions:
· For Mobility
· Following remaining issues need to be finalized in the next meeting
                               …
· Details on SS block RSRP
· Whether to use of additional PBCH-DMRS for measurement

Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows
· Define SS block RSRP and CSI-RS RSRP as
· SS block RSRP : measured RSRP from SSS
· FFS additional use of PBCH-DMRS for measurement 
· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode
Agreement:
· SSS sequence length: 127
                   …

· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec



In this contribution, we present the improvement of measurement accuracy by using the additional PBCH-DMRS, based on the agreements related to NR PBCH. With the additional use of PBCH-DMRS, there are more available RS REs for RRM measurement in a SS block, so it requires fewer L1 measurement samples to achieve comparable RSRP accuracy and enable UE RX beam sweeping within a SS block to reduce measurement latency.
Discussion
The Use of DM-RS for PBCH for RRM Measurement
In the current agreement, DM-RS for PBCH (PBCH-DMRS) is supported. One benefit of the use PBCH-DMRS for RRM is to improve the measurement accuracy. By providing accurate measurement report with fewer measurement samples, it can shorten the measurement latency to avoid outdated samples, save SS block overhead, and potentially support a large number of SS blocks. 
Table 1 shows the available REs per measurement sample. By using only NR-SSS, it provides 127 REs per measurement sample; by using both NR-SSS and PBCH-DMRS, it provides 223 REs per sample, assuming 48 PBCH-DMRS REs per PBCH symbol. With more available REs for measurement, it is able to improve the measurement accuracy. The corresponding evaluation results are shown in the next section.

Observation 1: By using only NR-SSS, 127 REs are available for one measurement sample; by using both NR-SSS and PBCH-DMRS, 223 REs are available for one measurement sample, assuming 48 PBCH-DMRS REs per PBCH symbol.

Table 1 Available REs per RRM Measurement Sample 
	
	LTE CRS 
	NR SSS - only 
	NR SSS + PBCH-DMRS 

	BW 
	6 RBs 
	12 RBs
	24 RBs
127-SSS/288-PBCH

	REs per PRB 
	8
· CRS #0/4/7/11 
	12
	PBCH-DMRS: 4
SSS: 12 

	Total REs per Meas. 
	48
· 1-ms per measurement
	127
	223 (=127+96) 

	Note 
	· Total 240 REs with 5 Meas. 
	
	



Another benefit of using additional PBCH-DMRS is to enable UE RX beam sweeping within a SS block. An example of UE RX beam sweeping is illustrated in Figure 1, where PBCH-DMRS is placed on the two symbols of PBCH, and UE is able to try different UE RX beamforming directions on different symbols. 
The UE RX beam sweeping would be needed when UE equipped massive antennas. UE RX beams are naturally directional with massive antennas, and it needs UE RX beam sweeping for RSRP monitoring to receive the signal power from all directions. Without multiple RS symbols in one SS block, it may require multiple SS blocks for UE RX beam sweeping and longer measurement time to decide its suitable beamforming direction.


[bookmark: _Ref471327516][bookmark: _Ref471380328]Figure 1. UE RX beam sweeping within a SS block

Observation 2: The use of PBCH-DMRS enables UE RX beam sweeping within a SS block.

Evaluation Results on RSRP Accuracy by Using both NR-SSS and DM-RS for PBCH
In this section we present evaluation results on RSRP accuracy by using both NR-SSS and PBCH-DMRS for RRM measurement. The RSRP accuracy is presented as at the max(abs(5%-tile), abs(95%-tile)) of RSRP estimation error CDF, similar as stated in [2]. We consider absolute RSRP accuracy of 2 dB as a reference threshold, by considering RF margin of 2.5 dB and RSRP accuracy requirement of +/- 4.5 dB in LTE.
In this evaluation, the PBCH-DMRS is assumed with 2 REs per PRB per symbol, i.e. 48 REs per PBCH symbol. We also assume NR-SSS is unprecoded while PBCH-DMRS may be precoded according to its transmission scheme, which could be PRB-level precoder cycling (PRB-level PC), slot-level precoder cycling (slot-level PC), small delay CDD (SCDD), or unprecoded.  For PRB-level PC, we assume 4 different precoders are applied in the frequency domain in round-robin fashion, and it is bundled every 2 PRBs; for slot-level PC, we assume 4 different precoders are applied in different slots in round-robin fashion; for SCDD, the delay of 800 ns is introduced. The evaluation results are provided for below 6 GHz at different number of measurement samples for L1-filtering, and the measurement bandwidth for NR-SSS and PBCH-DMRS are 127 REs and 96 REs, respectively.
Figure 2 shows it requires fewer L1 samples to achieve comparable RSRP accuracy by using both NR-SSS and PBCH-DMRS, e.g., the RSRP accuracy with 2 samples based on the use of additional PBCH-DMRS (1.0-1.2dB) is comparable to the RSRP accuracy with 3 samples based on NR-SSS (1.2dB).
Observation 3: It requires fewer L1 measurement samples to achieve RSRP accuracy with additional PBCH-DMRS.
By using both NR-SSS and PBCH-DMRS, the RSRP accuracy is improved by 0.4-0.7 dB with one-shot measurements and it is improved by 0.4-0.6 dB with 2-shot measurements. For the precoded PBCH-DMRS, the accuracy improvement is slightly degraded, but its degradation is insignificant since the measured RSRP is averaged out.
Observation 4: RSRP accuracy is improved by using both NR-SSS and PBCH-DMRS in a SS-block. 

Proposal 1: In addition to NR-SSS, DMRS for NR-PBCH can be used for DL based RRM measurement for SS block RSRP


[bookmark: _Ref471136471]Figure 2. RSRP absolute accuracy based on NR-SSS (127 REs) and PBCH-DMRS (96 REs).

Conclusion
In this contribution, we have discussed the benefits of the use of additional PBCH-DMRS for RRM measurement. With the use of additional PBCH-DMRS, there are more available REs for RRM measurement in a SS block, so fewer L1 measurement samples are required to achieve RSRP accuracy and UE RX beam sweeping within a SS block is enabled.
We have the following observations and proposals: 
Observation 1: By using only NR-SSS, 127 REs are available for one measurement sample; by using both NR-SSS and PBCH-DMRS, 223 REs are available for one measurement sample, assuming 48 PBCH-DMRS REs per PBCH symbol.
Observation 2: The use of PBCH-DMRS enables UE RX beam sweeping within a SS block.
Observation 3: It requires fewer L1 measurement samples to achieve RSRP accuracy with additional PBCH-DMRS.
Observation 4: RSRP accuracy is improved by using both NR-SSS and PBCH-DMRS in a SS-block. 
Proposal 1: In addition to NR-SSS, DMRS for NR-PBCH can be used for DL based RRM measurement for SS block RSRP
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Appendix: Link-level evaluation assumptions
	Carrier Frequency 
	4 GHz 

	Channel Model 
	For 15kHz subcarrier spacing: TDL-C with scaling 100 ns, AWGN;

	Subcarrier Spacing(s) 
	15kHz 

	SNR range 
	-6dB 

	Antenna Configuration at the TRP 
	(1,1,2) with omni-directional antenna element 

	Antenna Configuration at the UE 
	(1,1,2) with omni-directional antenna element 

	Antenna port virtualization 
	N/A

	Frequency Offset 
	· Non-initial acquisition 
· TRP: uniform distribution +/- 0.05 ppm 
· UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	0 TRP 


	Number of interfering UEs 
	N/A






SSS-127	1	2	3	5	2.42	1.5820000000000001	1.21	0.9600000000000003	SSS-127	&	DMRS-96 (non-precoded)	1	2	3	5	1.7	1.0369999999999993	1.022	0.79	SSS-127	&	DMRS-96 (PRB-level PC)	1	2	3	5	1.73	1.1499999999999992	1.08	0.87000000000000033	SSS-127	&	DMRS-96 (slot-level PC)	1.81	1.1200000000000001	1.02	0.87000000000000033	SSS-127	&	DMRS-96 (SCDD)	2.0099999999999998	1.21	1.054	0.77000000000000035	number of samples
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