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Introduction
In RAN1#88 [1], L1 measurement report based RSRP and CSI is supported in the beam management framework, in which differential L1 RSRP feedback is FFS.
Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· A reporting setting at least including
· Information indicating selected beam(s)
·  L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
Agreements:
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.

In RAN1#89[2], the following configuration for group based beam reporting is agreed
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
As the framework of group-based beam report is clearer, we would like to discuss the feasibility of supporting differential RSRP report and the details of calculation of differential RSRP in this contribution, 

Group based beam report
Table 1 shows an example of 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, which is why differential RSRP should be introduced. 
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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 the RSRP and sort the groups based on the maximum RSRP of each group. 
One method to use differential RSRP is to let each  be the reference RSRP, and other beams in group  are represented by the quantized difference to the reference RSRP, which is shown in Table 2, where  is used to quantize the differential RSRP of beam  relative to the reference beam . 
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Since the dynamic range from the differential RSRP of  to that of  is different, the bits allocation would either be complicated or wasteful. We can further reduce the bits by introducing differential RSRP between adjacent beams instead of a fixed reference, which was widely used in Delta modulation, audio compression, picture compression, and etc.
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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 3. For simplicity, the superscript  is omitted in all variables.
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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 4.
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Detailed computation is shown 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
The benefit of this differential RSRP calculation is
· No quantization error propagation 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.
Proposal: 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. 

Conclusion
In this contribution, we present a method to calculate the differential RSRP for group based beam report, which can reduce the bits overhead, with the following proposal:
Proposal: 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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