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1.  Introduction 

In previous RAN1 meetings, little progress has been made on details of SS-block measurement and group-based reporting for beam management. In this contribution, we provide our view and analysis on the related issues.
2. SS-block for beam management

Agreements (#89):
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default

· Note: default assumption may be no QCL
Conclusion (NRAH #2):

· No consensus at this meeting  to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15

· Company/University/Organization is free to contribute to this topic in the future meeting
Whether or not to use SS-blocks as additional reference signal for beam management remains an open issue. From system design perspective, reusing same signal for multi-purposes is sensible for overhead reduction. Beam management P-1 signal is considered as a periodic signal for satisfying the need of evaluating the quality of beam pairs consisted of NW beams and UE beams. CSI-RS is one candidate to be used. Obviously, additional resources are needed for transmitting CSI-RS via different NW beams. On the other hand, the existence of periodic SS-blocks makes it attractive to serve as additional beam management reference signal since no additional transmission overhead is involved.

In addition, using SS-blocks as additional reference signal for beam management is beneficial for procedure configuration simplification. With SS-block as P-1 signal, no additional configuration is needed for P-1. On top of this, UE only needs to distinguish P-2 and P-3 when CSI-RS is configured for beam measurement, which further simplifies the design of configuration signalling for beam management procedures.
Another aspect to consider SS-block is the use of FDM’ed resources with SS-blocks. In order to enable dynamic scheduling on remaining frequency resources in SS-block symbols, mutual understanding between NW and UE on which SS-block beam can be used is needed. Without such knowledge, NW won’t be able to perform dynamic scheduling in these remaining frequency resources in SS-block symbols directly. It is noted that the association of SS-blocks and RMSI implies that same beam set shall be used for SS-blocks and RMSI transmission. Since RMSI transmission is likely to follow PDSCH format, FDM’ed resources with SS-blocks can be used for PDSCH transmission with no concern.

From perspective of beam recovery, using SS-block beams for identifying new candidate beams is feasible. SS-blocks defines the fundamental coverage for NR system. In case of beam failure, SS-blocks are the most reliable source for identifying new beams. Reference signals based on which beam recovery and beam management operate should be aligned for consistent behaviour. With the already existent SS-blocks, the only requirement to enable SS-blocks for beam management is to support SS-block beam measurement reporting in L1.

Observation 1: Supporting SS-blocks for beam management is beneficial from the perspective of system overhead, SS-block symbol resource utilization, and beam recovery.
Proposal 1: Support L1 SS-blocks beam measurement reporting.
3. Beam Reporting
3.1 Implicit group identifier indication

Agreements (#89):
· 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

· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
The agreement made in RAN1#89 indicates that the number of beams for every beam group is a common configuration. With this, reporting format can be made efficient by avoiding explicit identifier indication. Since the number of beams in each group is fixed, implicit grouping can be achieved by grouping the reported beams in a sequential order. As illustrated in Figure 1, if Q = k, implicit grouping can be achieved by taking the first k beams as 1st group, #k+1~#2k beams as 2nd group, and so on. 
Proposal 2: Adopt implicit group identifier reporting by arranging the reported beams of a same group together, and arranging beam groups in a sequential order.
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Figure 1: Illustration of implicit group identifier indication by grouping the reported beams sequentially.
3.2 Group-based beam reporting
3.2.1 Analysis on group-based beam reporting
Agreements (#89):
· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2 (in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
Fundamentally, the two alternatives provide information from different perspectives. For A1 criteria, the reporting content is based on UE’s preference and such report does not consider NW’s capability. In fact, it is unlikely to take NW’s capability into account unless additional information or assumption is provided or made by NW. On the other hand, for A2 criteria, the report aims to provide maximum flexibility to NW by providing UE’s observation on NW TX beams, and UE’s preference is considered in the report only in terms of its receiving capability, i.e., which TX beams cannot be received simultaneously. 
To compare the two alternatives, one crucial factor to be considered is their achievable performance with and without FDM scheduling among users. Assuming only one analog beam can be realized by NW and no FDM scheduling is attempted, only one UE is scheduled at a time. This scheme would favour A1-based group reporting since individual users report their preferred beam groups to be used for transmission, and NW will most likely follow the request unless the TX beams in the request beam group is not realizable by NW.

On the other hand, if FDM scheduling among users is attempted, a compromise on the selected TX beams needs to be achieved in order to put more users at a same scheduling unit. In this case, system can benefit from A2-based group reporting since more beam grouping flexibility is provided to NW for reaching compromise.

The two considered criteria have their individual benefits in different perspectives. An initial comparison is provided below:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE.
· Pros:

· Reported beam group reflects UE’s preference on NW TX beams.

· The number of groups is not limited to UE receiving capability, i.e., antenna groups.

· Preferred beam group can be determined not only based on RSRP, but potentially could also be based on an estimated throughput by assuming a preferred precoder

· Beneficial in non-FDM scheduling case

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Pros:

· NW can select TX beams to serve UE based on UE’s report and NW capability

· To achieve same flexibility of beam combinations at NW side, less overhead is needed than beam set based reporting

· Beneficial in FDM scheduling case

In an attempt to merge/down-select the two alternatives, we consider reducing the information gap provided by the two alternatives as an essential step. In fact, it is possible to implicitly provide more information for both of the two alternatives without introducing additional overhead.
In the following, we use A2-based reporting as example and show how to insert at least the most preferred A1-based group information. For UE A2-based reporting, additional information on most preferred A1 group can be inserted by requiring how individual beams in a beam group is placed. Specifically, the beams from the most preferred A1 group is placed in first position within each A2 group. For example, in left sub-plot of Figure 2, each group corresponds to a UE A2 group and beams in different groups can be received simultaneously by UE. To encode A1-based information inside, one can additionally constrain that the first beam in each A2 group corresponds to element beams in the most preferred A1 group. 

Note that there are cases when the number of beams in a preferred A1 beam is less than UE capability. To provide such information to NW, UE can associate this method with rank indication reporting. By using rank indication as a guidance, NW can learn the number of members of a UE’s preferred A1 beam set.
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Figure 2: Illustration of (left sub-plot) inserting A1-based information in UE A2-based reporting.
Observation 2: At least the most preferred A1-based beam group information can be inserted implicitly in the A2-based beam group report without increasing overhead.

With the proposed modification, A2-based grouping can provide same performance as A1-based grouping when FDM scheduling is not used. This would allow us to summarize their comparison in the following table.

Table 1: Comparison between A1- and A2-based grouping

	Without FDM scheduling
	Similar performance between A1-based and A-2 based grouping

	With FDM scheduling
	A-2 based grouping shows better scheduling flexibility


Observation 3: When there is no FDM scheduling among users, A2-based grouping with proposed modification provides similar performance as A1-based grouping without increasing overhead.

Observation 4: A2-based grouping provides better scheduling flexibility when FDM scheduling among users is applied.
3.2.2 Performance evaluation on group-based beam reporting
In this section, we use system level simulation to evaluate A1 and A2 with the proposed modification, which enables A2-based beam group report to provide most preferred beam group in A1-based beam group report. In the evaluation, 2 panels with (M, N, P) = (2, 4, 2) are assumed at TRP, and 2 back-to-back panels with (M, N, P) = (1, 4, 2) are assumed at UE. All panels at both UE and TRP have 2 TXRUs, each TXRU connects to all antenna elements with the same polarization within a panel. The evaluation is done under UMi scenario in the system level simulation. Detailed evaluation assumptions can be found in the appendix.
In terms of group-based report construction, number of beam groups is set to 2, and number of beams per group is also 2 for both A1 and modified A2. Detailed beam selection for report construction is as following:
· For A1, the first group contains two strongest RSRP beams from individual UE panels. The second group contains two beams with second-largest RSRP received by each UE panel.
· For modified A2, individual groups contain two strongest RSRP beams from individual UE panels.
Note that in modified A2, a preferred beam group realization is the same as the first beam group of A1. One key setting in this evaluation is the FDM scheduling of UEs. Without FDM scheduling, a PF scheduler can simply pick UE with PF principle, and the TRP utilizes the beam(s) selected by the scheduled UE directly. No impact is introduced by analog beam management. However, when multiple UEs are FDMed within one slot, the TRP needs to determine the beam(s) utilized to serve the scheduled UEs. Figure 3 illustrates the simulation flow to handle the problem. After NW receives the group-based beam reports, a beam scheduler determines a beam set for subsequent CSI acquisition for all UEs. All UEs calculate its CSI based on the same beam set determined by beam scheduler and feedback calculated CSI to NW. In the end, the PF scheduler schedules UE based on CSIs from all UEs and PF principle.
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Figure 3: Illustration of system level simulation flow between different function blocks.

The beam scheduler determines the beam set for CSI acquisition based on group-based beam reports from all UEs. With A1-based report, beam scheduler learns the preferred beam set and a second beam set from every UE. On the other hand, by receiving modified A2-based report, beam scheduler not only knows the preferred beam set which is the same as the one in A1-based report, but also learns several additional combinations among reported beams. With additional information from A2-based report, more flexibility is provided to the scheduler.
Table 2 elaborates the evaluation result in UMi scenario. The result shows the modified A2-based report provides 7.8% improvement on average cell spectrum efficiency over A1-based report. In addition, it can be observed that for UEs within 30 to 50 percentile, the benefit provided by modified A-2 based report is obvious. The flexibility provided by modified A-2 based report does contribute to spectrum efficiency improvement.
Table 2: Evaluation results of UMi system level simulation
	Spectrum Efficiency (bps/Hz)
	Average cell SE
	10%-ile UE
	30%-ile UE
	50%-ile UE
	70%-ile UE
	90%-ile UE

	SE Gain of A2 over A1: (SEA2 – SEA1) / SEA1
	7.80%
	-0.58%
	13.7%
	12.8%
	6.60%
	7.29%


Observation 5: The flexibility provided by modified A-2 group-based beam report does contribute to improvement of spectrum efficiency.
Proposal 3: NR supports at least A2-based group reporting.

3.3 Differential multi-beam reporting
The idea of utilizing differential multi-beam reporting aims at reducing reporting overhead while keeping the same amount of information in the report. In order to have a better understanding on the benefit of differential reporting, here we give an analysis with assumptions based on LTE.
Table 3: RSRP measurement report mapping from TS 36.133 Table 9.1.4-1
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	dBm


Table 3 is extracted from [2] and shows the mapping and range of RSRP reporting in LTE. In short, 98 possible RSRP values can be reported in LTE and hence ~7 bits are needed for a single RSRP value. Another key point is the difference between RSRP values of beams within a report. If the RSRP difference between 2 beams within a report can be less than 16 dB, then 4 bits are still required to report the differential value, i.e., 3 bit per beam is saved. For a normal multi-beam report which contains 4 beams, we assume each beam requires 5 bits for the beam identifier, therefore the size of the report can be obtained by (5 + 7) * 4 = 48 (bits). With differential multi-beam report, the size of the report is (5 + 7) * 1 + (5 + 4) * 3 = 37 (bits). The overhead reduction rate is 18.75% in this case. If other contents like group identifier or more bits for beam identifier are taken into consideration, the overhead reduction rate will be even lower.
According to the above analysis, it is observed that the benefit of differential reporting heavily depends on range of RSRP values and difference between RSRP values of beams within a report. To have a precise understanding on the overhead reduction from differential reporting, further study based on system level simulation is needed.
On the other hand, differential reporting introduces restrictions to the multi-beam reporting while the benefit of overhead reduction is not so obvious right now. For example, in group-based beam reporting, especially in A-2, UE can use the order of beams within a group to indicate UE’s preference towards beams. Differential reporting eliminates the chance of utilizing such flexibility of multi-beam reporting.
Observation 6: The benefit of differential multi-beam reporting heavily depends on range of RSRP values and difference between RSRP values of beams. In the meanwhile, differential multi-beam reporting introduces additional restrictions to UE. For example, it prevents UE from using order of reported beams to indicate UE’s preference.
Proposal 4: Benefit of differential multi-beam reporting should be further analyzed. The restriction introduced by differential multi-beam reporting should also be taken into consideration.
4. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Observation 1: Supporting SS-blocks for beam management is beneficial from the perspective of system overhead, SS-block symbol resource utilization, and beam recovery.
Observation 2: At least the most preferred A1-based beam group information can be inserted implicitly in the A2-based beam group report without increasing overhead.
Observation 3: When there is no FDM scheduling among users, A2-based grouping with proposed modification provides similar performance as A1-based grouping without increasing overhead.
Observation 4: A2-based grouping provides better scheduling flexibility when FDM scheduling among users is applied.
Observation 5: The flexibility provided by modified A-2 group-based beam report does contribute to improvement of spectrum efficiency.
Observation 6: The benefit of differential multi-beam reporting heavily depends on range of RSRP values and difference between RSRP values of beams. In the meanwhile, differential multi-beam reporting introduces additional restrictions to UE. For example, it prevents UE from using order of reported beams to indicate UE’s preference.
Proposal 1: Support L1 SS-blocks beam measurement reporting.
Proposal 2: Adopt implicit group identifier reporting by arranging the reported beams of a same group together, and arranging beam groups in a sequential order.
Proposal 3: NR supports at least A2-based group reporting.
Proposal 4: Benefit of differential multi-beam reporting should be further analyzed. The restriction introduced by differential multi-beam reporting should also be taken into consideration.
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6. Appendix

 Table 3: Evaluation assumption for system level simulation
	Parameters
	Values

	Carrier frequency
	30 GHz

	Bandwidth
	40 MHz

	Subcarrier spacing
	60 kHz

	Channel model
	UMi in TR38.901

	Scheduling
	Proportional fair (PF)

	BS antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2) 

(dV,dH) = (0.5, 0.5) λ 

(dg,V,dg,H) = (0, 2.0) λ

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1, 4, 2, 1, 2) 
(dV,dH) = (0.5, 0.5) λ 
(dg,V,dg,H) = (0, 0) λ 
Θmg,ng=90; Ω0,1=Ω0,0+180
The polarization angles are 0 and 90

	BS antenna pattern
	The same as Table A.2.1-6 in TR 38.802

	UE antenna pattern
	The same as Table A.2.1-8 in TR 38.802


Group ID
Beam ID
Metric
1
#1
#3
#4
Value#1
Value#3
Value#4
2
#2
#7
#8
Value#2
Value#7
Value#8

Most preferred beam group in A-1 based report
Group ID
Beam ID
Metric
1
#1
#3
#4
Value#1
Value#3
Value#4
2
#2
#7
#8
Value#2
Value#7
Value#8
3
A-2 based report
A-1 based report



Group-based beam report
Beam scheduler
CSI acquisition
PF scheduler



