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Introduction
In RAN1#90 [1], SS block is agreed to be used for L1-RSRP report for beam management, expanding the set of beams potentially used in the RSRP report.
	Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)



Also in the group based beam report, the following agreement was reached.
	Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied



After receiving the beam report, gNB may configure the beam used for control and data, respectively. When multiple beams are required, dynamic beam indication at least for data is needed. We have the following agreements related to that indication.
	Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 
Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication



In this paper, we will first introduce an encoding scheme of differential RSRP when a large number of Tx beams are reported within a group or across groups. Then the impact from the beam report on the beam indication is presented afterwards.

[bookmark: _Ref492301998]Differential RSRP calculation for group based beam report
In this section, we are going to introduce an encoding 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
	Beam group #0
	…
	Beam group #(L-1)

	Beam ID
	RSRP
	…
	Beam ID
	RSRP

	Beam 
	
	…
	Beam 
	

	Beam 
	
	…
	Beam 
	

	…
	
	…
	…
	

	Beam 
	
	…
	Beam 
	



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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	Beam ID
	RSRP
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



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.
Proposal 1: The differential RSRP calculation between adjacent beams with the re-constructed quantized RSRP, for both inter-group and intra-group, should be supported in NR. 

Beam indication related issues
Beam indication for unicast PDSCH via QCL is introduced to assist Rx beamforming, as was agreed in RAN1#86b [2] that beam indication via QCL is used to provide information pertaining to UE-side beamforming. 
	Agreements:
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 



Therefore, the N-bit indicator field in the DCI should take UE side beamforming into consideration. Such information of UE Rx beam status can be reported to gNB via
· UE capability of Rx beam
· DL beam measurement.
UE capability
When UE is equipped with omni-directional reception without any analog beamforming, it is not necessary to provide this QCL indication, even though from gNB’s perspective, Tx beams has switched. Setting N to 0 under such a circumstance can provide a robust PDCCH reception. Meanwhile, gNB may not need to configuration CSI-RS with repetition “on”, based on the working assumption from RAN1#90.
	Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols



Proposal 2: N=0 should be supported, at least when UE has omni-directional reception.
DL beam measurement
When multiple Rx beams are assumed at UE side, the value of N should be associated with the report from DL beam measurement.
Before configuration of N
Before any configuration of N, PDSCH beam is by default associated with the beam for PDCCH, during which N=0 is assumed.
Observation 1: UE should assume a default N before configuration.
Proposal 3: Support default N=0 before configuring N.
Configuration of N
After receiving the beam report, gNB can configure the beams used for PDSCH. The value of N depends on the reported number of sets of Tx beams that can be received simultaneously at UE side. 
Example 3.2.2-1
If in a beam reporting instance, a UE only reports N different Tx beams that can be received simultaneously, and only one beam reporting instance is configured, N should be 0, no matter it is based on beam grouping criterion Alt.1 (Table 4) or Alt.2 (Table 5). This is because, UE know which beam to receive based on its reported information providing gNB.
[bookmark: _Ref492312237]Table 4 Beam report based on grouping Alt.1
	Single Rx beam
	Beam ID
	RSRP
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[bookmark: _Ref492312245]Table 5 Beam report based on grouping Alt.2
	Best Rx beam per sub-array

	Beam group 0
	Beam group 1

	Beam ID
	RSRP
	Beam ID
	RSRP

	Beam 
	
	Beam 
	



Example 3.2.2-2
If in a beam reporting instance, a UE only reports N different Tx beams that can be received simultaneously, and more than one beam reporting instances are configured, or if in a beam reporting instance, a UE reports more than one groups for Alt.1 (Table 6) or more than one beams in a group for Alt.2 (Table 7), N could be configured with values other than 0. As the following example shows, there are two sets, within each of which the Tx beams can be received simultaneously. If gNB would like to dynamically switch between those two sets, N=1 bit is required in the DCI.
[bookmark: _Ref492312632]Table 6 Beam report based on grouping Alt.1
	Rx beam 0
	Rx beam 1

	Beam group 0
	Beam group 1

	Beam ID
	RSRP
	Beam ID
	RSRP
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	Beam 
	



[bookmark: _Ref492312644]Table 7 Beam report based on grouping Alt.2
	Sub-array 0
	Sub-array 1

	Beam group 0
	Beam group 1

	Beam ID
	RSRP
	Beam ID
	RSRP

	Beam 
	
	Beam 
	

	Beam 
	
	Beam 
	



Observation 2: The value of N depends on the gNB’s configuration on the number of sets of Tx beams that can be received simultaneously at UE side.
Proposal 4: N should be configurable when UE supports Rx beam sweeping.
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: UE should assume a default N before configuration.
Observation 2: The value of N depends on the gNB’s configuration on the number of sets of Tx beams that can be received simultaneously at UE side.
Proposal 1: The differential RSRP calculation between adjacent beams, for both inter-group and intra-group as described in Section 2, should be supported in NR. 
Proposal 2: N=0 should be supported, at least when UE has omni-directional reception.
Proposal 3: Support default N=0 before configuring N.
[bookmark: _GoBack]Proposal 4: N should be configurable when UE supports Rx beam sweeping.
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