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Introduction
For the signals used for L1-RSRP report, SS block was discussed in RAN1 #NR_AH2 in addition to CSI-RS, but no consensus was reached [2].
	Proposals:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
Final conclusion:
· No consensus at this meeting to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15



As for the detailed design of the report, the following configuration for group based beam reporting was agreed in RAN1#89 [1].
	Agreements:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information



RAN1 AH 1706 [2] agreed to continue studying differential RSRP report, with the following agreements
	Agreements:
· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· FFS: Other issues




In this paper, the benefit of having L1-RSRP reporting based on SS block is first discussed. Then a method to encode the differential RSRP will be introduced, which can support CSI-RS RSRP and/or SS block RSRP.

Report of L1-RSRP based on SS block
At high carrier frequencies the large multi panel antenna arrays may be assumed where large number of analog beams need to be searched in the P1/P2 procedure. In order to reduce SS overhead it is likely that the hierarchical structure is needed where smaller number of SS blocks cover the TRP area using wider beams and UE specifically configured CSI-RS is used to refine a more narrow beam using the P2 procedure. In this case the CSI-RS based L1-RSRP is a feasible solution. However, the CSI-RS configuration is UE specific and needs to be configured for the UE. The initial SS based RSRP values could provide more detailed information for the network on the quality of the coarse beams.
At lower carrier frequencies it may be assumed that configurations exist where the antenna arrays are smaller and even a coarse SS block beam may represent the targeted beam reasonably well. Hence it could be considered if the L1-RSRP could be measured and reported from the SS signal directly. 
The above approach would reduce the need for the network to configure the UE specific CSI-RS resources in some use cases, since it has been decided in RAN1 #89 that cell specifically configured CSI-RS does not exist in NR. [1]
	Agreement: Cell-specifically configured CSI-RS is not supported for beam management



For example, Figure 1 contains two cases where UE has already found the cell based on L3-RSRP and completed the P1 procedure. There are no hierarchical beams and both SS and CSI-RS cover the same area. In the first case, the CSI-RS is used to report the L1-RSRP for beam management. All 3 beam management CSI-RS resources need to be configured and L1-RSRP needs to be measured from them. Further, in the example, the first beam is the best one and CSI-RS 4 is configured for the CSI reporting. In the second case, the L1-RSRP reporting is based on the SS and only the CSI-RS 1 needs to be configured for the CSI reporting. There is a slight saving in the configuration complexity of the CSI-RS. Also in the first case the CSI-RS needs to be transmitted to all beams even if there is only single UE in the area creating a UE specifically configured cell-wide RS. 
If the UE moves from the coverage area of the beam 1 to the area of the beam 2, the CSI report and related CSI-RS needs to be reconfigured in both cases. 
Observation 1: Some saving in CSI-RS configuration might be achieved using SS based L1-RSRP in some scenarios.

The UE needs to correlate and measure the strength of the SS signal even if the reporting would not exist since the strongest SS blocks need to be identified. Hence, the additional complexity of performing the actual reporting is not that high, especially if the L1 signaling does not include any significant time filtering. In any case, either the SS or CSI-RS based report would be transmitted. Therefore there would be no additional cost in the uplink side in terms of resource consumption or transmission power. 
The drawback of the SS based reporting is that the re-use of the measured blocks may not be as flexible as the CSI-RS would have. Hence, the quality of the RSRP estimate could be worse but the performance differences would be more equal when the network load increases. In any case, the RSRP of SS would anyway need to be good enough for the P1 beam selection. 
The timing of the SS is also fixed limiting the time domain configurability of the L1-RSRP reporting.
Proposal 1: Consider supporting SS based L1-RSRP reporting.


 
[bookmark: _Ref490039083]Figure 1 Reporting example

Differential RSRP calculation for group based beam report
In this section, we are going to introduce a coding scheme for differential RSRP for group based beam report. It can be either based on CSI-RS, SS block, or both. Table 1 shows an example of the group based beam report, where  groups  and  beams  within each group are configured by higher layers. We use  and  to denote the beam index and the corresponding RSRP of beam  in group , respectively. If the RSRP is purely based on the value of each , the overhead would be large. 
[bookmark: _Ref484793231]Table 1 An example of beam report
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When differential RSRP is considered, the reference RSRP should be selected. One reasonable assumption is to sort beams inside each group based on descending order of the RSRP and sort the groups based on the descending order of maximum RSRP of each group, i.e., , and . The differential RSRP proposed in the paper is based on adjacent beams.
[bookmark: _Ref484798311]Intra-group
Take intra-group differential RSRP calculation as an example, where the beam group is fixed to . The differential RSRP can be calculated iteratively starting from beam :
· Step.1 Quantize the maximum RSRP  of beam  to obtain , and set .
· Step.2 Calculate the reconstructed RSRP of  based on previous quantization  using .
· Step.3 Quantize the differential RSRP of  relative to the reconstructed RSRP  to obtain 
· Step.4 Set  . If , go to Step.2; otherwise go to Step.5.
· Step.5 Report  as the differential RSRP.
At the receiver (gNB) side, each beam RSRP is derived using the similar method described in Step.2, i.e., . 
Here is an example showing how those differential RSRP are calculated and quantized, and how the reconstructed RSRP based on previous quantization is derived.
Example:
There are four beams in a reported beam, with the RSRP shown in Table 2. For simplicity, the superscript  is omitted in all variables.
[bookmark: _Ref484796651]Table 2 RSRP measurement in a group
	Beam group #0

	Beam ID
	RSRP

	
	

	
	

	
	

	
	


The quantization function is for example,

Where the quantization of beam  requires a wide dynamic range with a step of 2dBm, while the differential RSRP of other beams  uses only 2 bits, e.g., 000, 014, 1010, 1118. The results is shown in Table 3.
[bookmark: _Ref484797527]Table 3 Differential RSRP calculation
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Detailed computation is shown 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
The benefit of this differential RSRP calculation is
· No propagation of quantization error as the differential RSRP is based on reconstructed quantized RSRP.
· Fewer bits needed to quantize the differential RSRP.
· Support of unequal quantization.
Inter-group
It is not hard to extend the quantization method across groups, where such a scheme can be used on , i.e., the maximum RSRP in each group. Inside each group the algorithm described in Subsection 3.1 needs minor modification, where  should be replaced by  that is also calculated via differential reconstruction.
[bookmark: _GoBack]Proposal 2: If RSRP report is included in beam report, the differential RSRP calculation between adjacent beams, for both inter-group and intra-group as described in Section 0, should be supported in NR. 

Conclusion
In this contribution, we analyzed the benefit of supporting L1-RSPR report based on SS block, and also presented a method to calculate the differential RSRP for group based beam report, which can reduce the bits overhead, with the following observation and proposals:
Observation 1: Some saving in CSI-RS configuration might be achieved using SS based L1-RSRP in some scenarios.
Proposal 1: Consider supporting SS based L1-RSRP reporting.
Proposal 2: If RSRP report is included in beam report, the differential RSRP calculation between adjacent beams, for both inter-group and intra-group as described in Section 3, should be supported in NR. 
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