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Introduction
This contribution is revised from R1-1715510.
In RAN1 AH 1709[1], following agreements were achieved with respect to configuration beam measurement, and beam indication via spatial QCL.
	Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Down-select between the two options
Agreement:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS
· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes
· FFS: Value of N, where N is at most [3] bits
Agreement:
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH




In this paper, we will discuss the remaining issues of beam measurement, beam report, and beam indication, respectively.

[bookmark: _Ref492301998]Beam measurement on SS block
It is clear that when CSI-RS for beam management is configured, UE should always perform L1-RSRP measurement on those CSI-RS resources. However, the remaining controversy is that whether SS block for beam management should be configurable or not. The alternatives are
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
Before further discussion, a clarification is needed that the set of SS blocks that are measured is the same set of SS blocks that are to be reported, i.e., there is no SS block that UE needs to measure yet does not report.
Observation 1: The set of SS blocks that are measured is the same set of SS blocks that are to be reported.
Based on our understanding, UE shall perform measurement on all the SS blocks that are indicated to be actually transmitted in RMSI or UE-specific RRC signaling. If gNB confine the measurement and report to a subset of SS blocks, there might be potential risk for UE in identifying new candidate beams either in the failure recovery or in the case where a subset of beams fail. On the other hand, whether UE only monitors a certain subset of SS blocks is up to UE’s capability and implementation. Insufficient measurement would reduce the UE’s throughput.
[bookmark: _GoBack]Proposal 1: All transmitted SS blocks should be measured and all L1-RSRP can be reported, where the actual number of reported RSRP is subject to gNB’s configuration of number of reported beams.

Beam report
When L1-RSRP from more than 2 beams are reported in a report setting, using differential RSRP could significantly reduce the report overhead. Since not all beams can be fit in a report, UE should always select those beams with the highest L1-RSRP, therefore beam ID is always needed in the report. The intuitive way is to sort the beams in the descending order of L1-RSRP value. An example of non-group based beam reporting can be found in Table 1, where  beams  are reported. We use  and  to denote the beam index and the corresponding L1-RSRP of beam , respectively, it is also assumed that .
[bookmark: _Ref484793231]Table 1 An example of beam report
	Beam ID
	RSRP

	Beam 
	

	Beam 
	

	…
	

	Beam 
	



Compared to reporting the absolute value of each L1-RSRP, which could be quantized to 7 bits, differential L1-RSRP can reduce the overhead of those beams with .
Proposal 2: Support differential RSRP at least for non-group based beam reporting. 
Here we introduce an encoding scheme for differential RSRP, whose procedure is described as follows.
· Step.1 Quantize the maximum RSRP  to obtain , and set .
· Step.2 Calculate the reconstructed RSRP of  based on the 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.
The function  are the quantization function, which could be a function of beam sequence, e.g., quantization of  could be precise, while quantization of the differential values could be coarse.
Since the method exploits the differential RSRP between adjacent beams, it can further reduce the quantization error. On the other hand, since it based on the reconstructed RSRP, there is no error propagation.
Proposal 3: The differential RSRP calculation between adjacent beams with the re-constructed quantized RSRP should be supported in NR. 

Beam indication related issues
It was agreed that M TCI states are configured by RRC, and N-bit indicator in the DCI is used to indicate one specific TCI associated with PDSCH receiving. Based on  our understanding, the value of M and N should take information of UE Rx beam status reported to gNB into consideration, which includes
· UE capability of Rx beam
· DL beam measurement report
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  and N to 0 under such a circumstance can provide a robust PDCCH reception, since the DCI payload is smaller.
Proposal 4: M=1 and N=0 should be supported, at least when UE has omni-directional reception.
DL beam measurement report
When multiple Rx beams are assumed at UE side, the value of M and N should be associated with the report from DL beam measurement.
Before configuration of M and N
Before any configuration, PDSCH beam is by default QCLed with the beam for PDCCH, during which M=1 and N=0 is assumed.
Observation 2: UE should assume a default M and N before configuration.
Proposal 5: Support default M=1 and N=0 before configuring M and N.
Configuration of M and N
After receiving the beam report, gNB can configure the beams used for PDSCH. The values of M and N depend 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 group-based beam reporting instance, a UE only reports the Tx beams that can be received simultaneously, and only one beam reporting instance is configured, M and N should be 1 and 0, respectively, no matter it is based on beam grouping criterion Alt.1 (Table 2) or Alt.2 (Table 3). This is because, UE know which beam to receive based on its reported information providing gNB.
[bookmark: _Ref492312237]Table 2 Beam report based on grouping Alt.1
	Single Rx beam
	Beam ID
	RSRP

	
	Beam 
	

	
	Beam 
	



[bookmark: _Ref492312245]Table 3 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 group-based beam reporting instance, a UE only reports the 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 4) or more than one beams in a group for Alt.2 (Table 5), 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 with M=2 beams configured by RRC.
[bookmark: _Ref492312632]Table 4 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

	Beam 
	
	Beam 
	

	Beam 
	
	Beam 
	


[bookmark: _Ref492312644]Table 5 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 
	



Example 3.2.2-3
For non-group based beam reporting, UE reports  beams. gNB may configure a subset of those beams to each TCI state, i.e., , via RRC, if it would like to dynamically switch among those  beams, and use  bits in the DCI.
	Beam ID
	RSRP

	Beam 
	

	Beam 
	

	…
	

	Beam 
	



Observation 3: The values of M and N depend on the gNB’s configuration on the number of sets of Tx beams that can be received simultaneously at UE side.
Proposal 6: N should be configurable when UE supports Rx beam sweeping.
Conclusion
In this contribution, we have discussed the remaining issues related to beam measurement, beam reporting, and beam indication, with the following observation and proposals:
Observation 1: The set of SS blocks that are measured is the same set of SS blocks that are to be reported.
Observation 2: UE should assume a default M and N before configuration.
Observation 3: The values of M and N depend on the gNB’s configuration on the number of sets of Tx beams that can be received simultaneously at UE side.
Proposal 1: All transmitted SS blocks should be measured and all L1-RSRP can be reported, where the actual number of reported RSRP is subject to gNB’s configuration of number of reported beams.
Proposal 2: Support differential RSRP at least for non-group based beam reporting. 
Proposal 3: The differential RSRP calculation between adjacent beams with the re-constructed quantized RSRP should be supported in NR. 
Proposal 4: M=1 and N=0 should be supported, at least when UE has omni-directional reception.
Proposal 5: Support default M=1 and N=0 before configuring M and N.
Proposal 6: N should be configurable when UE supports Rx beam sweeping.
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