


3GPP TSG RAN WG1#89 					          	                 	   							R1-1708237
Hangzhou, P.R. China 15th – 19th May 2017

Agenda item:	7.1.1.5.1
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	SS block RSRP measurements
Document for:	Discussion and Decision
1	Introduction
In RAN1 NR AH held in January in Spokane it was agreed that the RSRP can be measured from the IDLE mode RS’es, where one RSRP value is measured per SS block, referred as “SS-block-RSRP” [3]. The definition of the RS to be used for RRM measurements for L3 mobility in IDLE mode has been discussed in past meetings and the definition was refined in RAN1#88bis as follows:
Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 

Agreements:
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127

2	SS Block RSRP accuracy
In previous contribution [3]we provided simulation results for NR-SSS RSRP accuracy with different sequence lengths. LTE RSRP absolute accuracy requirement +-4,5dB was used as reference and with 2,5dB RF margin the requirement was -+ 2 dB. Results indicated that with sequence length of 127 LTE absolute accuracy can be reached with at most 2 measurement samples due to high number of resource elements. When considering the configurable SS burst set periodicity, as agreed in RAN1#88 [4], it would seem preferable that good RSRP accuracy could be obtained with as few samples as possible so that the measurement related latency could be minimized.
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Figure 1. NR-SSS RSRP absolute accuracy with different sequence lengths

Observation 1: LTE measurement accuracy requirement can be reached with using two samples with sequence length of 127 when using NR-SSS

3	PBCH DMRS for SS block measurements
It is still open whether PBCH DMRS would be used together with NR-SSS to derive ‘SS-block RSRP’. Additional resources elements (REs) provided by PBCH DMRS could potentially improve the accuracy of the measurements. The PBCH design is still open in RAN 1 but using existing agreements we discuss use of PBCH DMRS for SS Block RSRP. 
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

Figure 2 illustrates the PBCH BW with respect the to the NR-SSS. NR-SSS sequence length of 127 is mapped to 144 subcarriers [2]. PBCH bandwidth is 288 subcarriers/24 PRBs. To estimate the potential measurement accuracy improvement that could obtained by using PBCH DMRS we would need to assume some example DMRS density and translate them to usable REs form measurement point of view. 
With assumption of 4/12 DMRS density (as proposed in [2] there would be 4 resource elements per PRB and per symbol resulting in 192 additional REs that that could be potentially used for SS block RSRP.
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[bookmark: _Ref481694084] Figure 2. Illustration of NR-SSS/PSS BW with respect to PBCH
Due to the different BWs of NR-SSS and PBCH the number of usable PBCH DMRS could be limited to 12 PRBs (resulting 96 REs) for example to allow UE to limit the minimum measurement bandwidth according to the NR-SSS. Naturally the measurement bandwidth for NR SS-Block-RSRP will be considered in RAN4 and depend also on the minimum performance requirements.
This results to following amount of REs with different options if we consider one SS block measurement to be one L1 measurement sample:
a) NR-SSS only: 127 resource elements /SS block
b) NR-SSS + PBCH DMRS (24 PRB, 4/12 density): 127 + 192 = 319 resource elements /SS block
c) NR-SSS + PBCH DMRS (12 PRB, 4/12 density): 127 + 96 = 223 resource elements /SS block
To simplify the neighbour cell measurements the minimum measurement bandwidth could be considered to be restricted to 12 PRBs in one SS block, i.e. only part of PBCH DMRS symbols would be used. considered. With these options the PBCH DMRS used for RSRP calculation need to be on PRB locations corresponding to NR-SSS. This should be evaluated jointly considering the impact for example to L1 measurement period. L1 measurement period is determined by RAN4 and therefore it would seem that the decision whether NR-PBCH DMRS should be used in addition to NR-SSS would need to be made in RAN4.
Observation 2: RSRP accuracy requirements and whether the PBCH DMRS is used in addition to NR-SSS to calculate SS Block RSRP is RAN4 issue.
One additional aspect, discussed in the next section, that with SS block RSRP measurements report is the SS block index should be provided. if identifying the SS Block index requires UE to always decode the NR-PBCH, there would not appear to be any reason to not to use NR-PBCH DMRS for SS Block RSRP measurements. However there can be several conditions (repeated samples on identified SS Block, known timing relations) when UE would not be required to re-obtain the SS Block identity and therefore, there cannot be said to be such general condition. The aspects related to SS Block index indication are discussed in  [5].
Proposal 1: Whether PBCH DMRS are used in addition to NR-SSS to derive SS-Block-RSRP measurements should be considered RAN4 based on the performance merits.
 
4 	SS Block Index
From 38.802 it is stated that:
At least for multi-beams case, at least the time index of SS-block is indicated to the UE.
In addition RAN2 has agreed following:

Agreements
1	In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2	UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
FFS whether it is needed for all events. 
FFS how the UE can choose the best beams. 
FFS whether quality of the beams are also reported
FFS whether the same applies for CSI-RS

To reflect the RAN2 agreement we list the following use cases for SS block Identifier:
SS Block RSRP
It has been agreed in that UE may assume that given SS block is repeated with an SS burst set periodicity (RAN1 NR AH#1, Spokane). The exact definition for SS Block RSRP is still open (whether PBCH DRMS is additionally used) but regardless of the used signals UE should be able to differentiate different SS blocks in order to measure and report them. As per RAN2 agreement, there could be events which require UE to provide the SS block identifier as a part of triggered report.
Measurement Reporting
In CONNECTED mode UE performs measurements on SS block signals, at least to detect adjacent cells. SS block index provides context for measurements and serves as “beam identifier” for mobility: e.g. UE may be configured to report RSRP on N-best SS blocks a detected cell. Based on the provided report network can then configure further actions e.g. configured UE to measure CSI-RS from the beams identified by the SS Block RSRP report. 
Beam Indexing
To enable indexing of gNB DL TX beams, the SS block index together with the associated mobility CSI-RS ports can be used to derive logical beam indices. The logical beam index space would be unique in a cell. Beam index can be used when reporting beam measurements or used by network to indicate a DL TX beam by referring to an index.
RACH Resource Partitioning
NR should support RACH resource configuration where an SS block is associated to specific RACH occasion at least in multi beam operation. By associating specific SS block to set of RACH resources, UE can indicate gNB the preferred SS block based on the RACH resource association.
Proposal 2: Use time index of an SS block as SS Block Identifier

5	Conclusions
In this paper we discuss the SS block RSRP measurements; and make following observations and proposals:-
Observation 1: LTE measurement accuracy requirement can be reached with using two samples with sequence length of 127 when using NR-SSS
[bookmark: _GoBack]Observation 2: RSRP accuracy requirements and whether the PBCH DMRS is used in addition to NR-SSS to calculate SS Block RSRP is RAN4 issue.
Proposal 1: Whether PBCH DMRS are used in addition to NR-SSS to derive SS-Block-RSRP measurements should be considered RAN4 based on the performance merits.
Proposal 2: Use time index of an SS block as SS Block Identifier
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