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Introduction
For NR multi-beam systems, the general framework of DL beam management have been extensively discussed and many conclusions have been achieved. However, some key issues are still open and we have not achieved consensus on them. For example, one of remaining issues is whether SS blocks can be used for beam management in additional to CSI-RS. Another issue is the design/choice of grouping scheme for the group-based beam reporting. 
Some detailed agreements and open issues are listed as follows [1][2]:
	Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· 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
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable

Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option

Agreements:
· Confirm the working assumption on group based beam reporting made in RAN1 Jan. NR Adhoc Meeting, with the following update:
· Further discussion for possible down-selection or merging, especially taking into account overhead

Agreements:
· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis




Based on the above agreements, we further discuss some of the above-mentioned issues, mainly focusing on the addition RS for beam management and group-base reporting. 
Discussion
Additional RS for beam management
It has been agreed that UE-specifically configured CSI-RS can be used for beam management. In RAN1#88bis meeting, there was a discussion on the potential complementary RS for beam management in addition to UE-specific CSI-RS and no consensus was achieved. Thus it left the following options for the additional RS for beam management:
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option

As for Option 1 (SS blocks), there was a related working assumption in RAN1#86bis [3]:
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition


It was agreed that SS blocks (to be specific, at least NR-SSS) can be used for CONNECTED mode RRM measurement for L3 mobility in RAN1#88 meeting [3].  Therefore, for L3 mobility, the CONNECTED mode UEs and the system can evaluate the quality of the whole cell based on the measurement results of SS blocks.  That is to say, the qualities of the beams carrying SS blocks reflect the quality of the whole cell. If SS blocks cannot be used for beam management, there will be two cases:
· Case 1: These beams carrying SS blocks cannot be selected during the beam management procedures. There will be logical conflict if those beams reflecting the cell-level quality cannot be used for real transmission. Thus we should avoid case 1.
· Case 2: NW configures CSI-RS resource(s) for each beam carrying SS block and UE can select these beam based on the CSI-RS. However, the solution will lead to more overhead of CSI-RS resource. 
Based on the above discussion, neither Case 1 nor 2 is preferable. Thus we have the following observation:

Observation 1: If NR don’t support SS block for beam management, there will be logical conflict between the beam management and the mobility management, or will lead to more overhead of CSI-RS resources. 

The beams carrying SS blocks are relatively wider than some of that used for data transmission, which means that the transmission on these beams will be more robust. Thus it is quite reasonable to use these beams for fallback transmission, especially for the cases of beam failures. 

Observation 2: The beams carrying SS blocks are relatively more robust and at least can be used for fallback transmission. 

One argument is the SS blocks can be transmitted in the SFN manner and the composited beams are not suitable for data transmission. However, we have the following views:
· The composited beam can also be used for data transmission 
· If the NW don’t want to transmit data through the composited beams, NW can just not select them as NW knows whether a beam is a composited one or not
· NW can also configure UE not to measure some SS blocks for beam management

To summary, we have the following proposal:
Proposal 1: NR should support SS blocks as the additional RS for beam management.

Group-based reporting
Two alternatives for the group-based reporting were discussed in the last three meeting, but no conclusion was achieved. In this section, we will discuss the typical scenarios and propose to support both of them.  
Reporting based on UE Rx beam set(s)
The first alternative (Alt.1) is that UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s). That is to say, the beam reporting is based on the grouping of UE Rx beams. 
Generally, only one Rx beam set (i.e., a group of Rx beams) is active for one instant, and different Rx beam sets are active one by one in a sweeping manner. Therefore, the main characters of Alt.1 are:
· Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE side.
· Different TRP TX beams reported for different UE Rx beam set usually cannot be received simultaneously at the UE side


Fig. 1: Illustration of Alt.1

Fig. 1 is an illustration of Alt. 1. UE uses all the antennas to generate two Rx beams / beam sets, which are denoted as b1 and b2, respectively. 
For the beams from TRP 1 (i.e., B1, B2, B3), b1 is the best Rx beam set. Based on the measurement results, UE will transmit the report associated with the explicit/implicit indication of b1 for B1, B2 and B3. Therefore, if two beams of TRP 1 (e.g., B2, B3) have satisfying qualities for the corresponding beam pair links, the network may transmit signals through B2 and B3 simultaneously for robustness or spatial multiplexing and the UE can use the Rx beam set b1 for reception.  
The advantages of Alt.1 are its simplicity and efficiency for the UEs with one antenna panel. If a UE is with multiple antenna panels which can work simultaneously and independently, Alt. 1 may lead to larger overhead due to the large size of Rx beam sets or limited flexibility.

Reporting based on UE antenna group 
The second alternative (Alt.1) is that UE reports information about TRP Tx Beam(s) per UE antenna group basis. That is to say, the beam reporting is based on the grouping of UE Rx antennas. 
Generally, an Rx antenna group consists of antenna sub-arrays or panel(s), which has their own TRXUs, and different antenna groups will have no overlap in terms of antenna(s).  That is to say, different Rx antenna groups can be active simultaneously due to independent TRXUs.
Therefore, the main characters of Alt.2 are:
· Different TX beams reported for different antenna groups can be received simultaneously at the UE side
· Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE side


Fig. 2: Illustration of Alt.2

Fig. 2 is an illustration of Alt. 2. The UE has two antenna panels, which are denoted as P1 and P2 respectively. For simplicity, we assume each antenna panel only generates one Rx beam. 
For the DL Tx beams from TRP 1 (i.e., B1, B2, B3), P1 is the best Rx antenna panel. Based on measurement results, UE will transmit the beam report associated with the explicit/implicit indication of P1 for B1, B2 and B3. Therefore, if two beams from different TRPs (e.g., B2, B5) have satisfying qualities for the corresponding beam-pairs, the network can transmit signals through B2 and B5 simultaneously for robustness / spatial multiplexing. In this case, both antenna panels can work at the same time. Thus, the antenna panel P1 is active for the reception of B2 while the antenna panel P2 is active for the reception of B5. 
From the above illustration, Alt.2 is flexible for the UEs with multiple Rx antenna panels. However, it also constrains each antenna panel to receive only one Tx beam. In some cases, it is beneficial for an antenna panel to receive multiple Tx beams. Fig.3 is an illustration of such a case, where the Rx beam b2 may receive B2 and B3 simultaneously. 



Fig. 3: A case where Alt. 2 is inefficient 

Support of both alternatives 
From the above discussions, each of the two alternatives is efficient for some kinds of UEs / scenarios, but may be inefficient for other UEs / scenarios. 
In order to support different UEs/scenarios more efficiently, it is beneficial to support both Alt.1 and Alt.2 in NR system. Thus, we have
Proposal 2: NR should support both Alt.1 and Alt.2 for group-based reporting. 

To support both Alt.1 and Alt.2, there are two different ways:
· Option 1: Allow to configure which alternative is used for group-based beam reporting. This way is   combination of Alt.1 and Alt.2.  UE can report the preferred alternative to the network based on its antenna configuration and capability. Option 1 can solve the problem illustrated in Fig.3. However, Option 1 may not achieve the full flexibility in the case of Fig.4. For example, UE may receive B2 and B3 by b2 and receive B4 and B5 by b3 at the same time. Option 1 cannot support such a simultaneous transmission of 4 Tx beams (B2, B3, B4, B5). 
· Option 2: Generalize Alt.1 and Alt.2 to get a more general scheme. However, the generalized schemes require more overhead. We need to carefully investigate the future NR UEs’ antenna configuration and capability when design the generalized scheme. 

Therefore, we have the following proposal:
Proposal 3: To support both Alt.1 and Alt.2, we can study the following two options and down-select one of them:
· Option 1: Allow to configure which alternative is used for group-based beam reporting
· Option 2: Generalize Alt.1 and Alt.2 to get a more general scheme for group-based beam reporting 



Fig.4: A case where Option 1 may not achieve the full flexibility

An example of the generalized scheme for Fig.4 is as following:
· Group construction:
· Groups of UE beams/antenna panels:   Sub_group_1,  Sub_group_2
· Sub_group_1: b1  b2
· Sub_group_2: b3  b4
· Characters:
· Within a sub_group
· Different TRP Tx beams reported for the same Rx beam set (the same element of the sub_group) can be received simultaneously at the UE.
· Different TRP TX beams reported for different UE Rx beam sets  (different elements of the sub_group) usually cannot be received simultaneously at the UE
· Between different sub_groups
· Different TX beams reported for different antenna groups (different elements from different sub_groups) can be received simultaneously at the UE side

The following table shows a comparison between the different schemes for the case of Fig. 4:
Table 1:  Comparison of different schemes for the case of Fig. 4
	Scheme
	Flexibility
	Overhead (bits to represent the elements of the group/subgroups)
	

	Alt 1
	Most
	3
	8 elements: {b1}  {b2}  {b3} {b4} {b1 b3}  {b1  b4} {b2 b3} {b2 b4}

	Alt 2
	Less
	1
	2 elements: {P1}, {P2}

	An Example of Generalized Schemes
	Most
	2
	4 elements: {b1} {b2} {b3} {b4}


Notes: Alt 1 can reduce the overhead at the cost of less flexibility.

To extend the above example and analysis to general cases, we assume that a UE has N antenna panels, each of which has independent TRXUs and can generate M receive beams. Then the comparison of different schemes is summarized in the following table:
Table 1:  Comparison of different schemes for general cases
	Scheme
	Flexibility
	Overhead (bits to represent the elements of the group/subgroups)
	Overhead of CSI-RS

	Alt 1
	Most
	log2()= log2()
	Same

	Alt 2
	Less
	log2(N)
	

	An Example of Generalized Schemes
	Most
	log2(N) + log2(M)
	


Note 1: Alt 1 can reduce the overhead at the cost of less flexibility.
[bookmark: _GoBack]Note 2: The overhead of CSI-RS resources depends on the configuration and UE’s measurement procedures. In principle, the above schemes can use the same CSI-RS overhead to achieve their targets.

Conclusions
In this contribution, we discuss additional RS for beam management and two alternatives for group-based reporting. Based on the above discussions, we have the following proposals:
Proposal 1: NR should support SS blocks as the additional RS for beam management.
Proposal 2: NR should support both Alt.1 and Alt.2 for group-based reporting. 
Proposal 3: To support both Alt.1 and Alt.2, we can study the following two options and down-select one of them:
· Option 1: Allow to configure which alternative is used for group-based beam reporting
· Option 2: Generalize Alt.1 and Alt.2 to get a more general scheme for group-based beam reporting
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