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1	Introduction
[bookmark: _Hlk16773912]RAN2#107 is the first meeting for RAN2 to discuss the Rel-16 NR MIMO WI while RAN1 has been working on it from the October 2018 meeting. RAN1 has sent the following LSs to RAN2 concerning multi-beam enhancements: 
R1-1907966 LS on MIMO enhancement for NR 
R1-1907870 LS on MAC CE design for SCell BFR 
The work seems to include three different MAC CEs: The MAC CEs are for beam failure recovery request, for PUCCH spatial relation indication and for aperiodic SRS spatial relation indication. 


Agreements:
1. The Scell beam failure detection is per cell.
2. Each DL BWP of a SCell can be configured with an independent SCell BFR configuration (the content is FFS)
3. One SR ID is configured for BFR within the same cell group.
4. The SCell BFRQ MAC CE triggers a SCell BFRQ SR if there is no valid uplink grant which can accommodate the SCell BFRQ MAC CE.
5. FFS whether the transmission of the SCell BFRQ MAC CE cancels the pending BFRQ SR of the failed SCell(s).(depends whether the MAC CE provides info for one or more Scells)
6. When the number of the BFRQ SR transmission reaches the sr-TransMax, the UE triggers a RACH procedure (i.e. reuse Rel-15 behaviour)


[107bis#xx][NR][eMIMO] Scell BFR / MAC CR (Nokia/Samsung)
Phase 1: Continue the discussion on details of BFR procedure for Scell (Nokia)
- Beam Failure Detection
- BFR-SR modelling
- MAC CE – transmission and format
Phase 2: Tentatively draft running CR for TS 38.321 (Samsung)
	Intended outcome: Initial draft CR for TS 38.321, covering Scell BFR aspects 
	Deadline:  Thursday 2019-11-07 


[bookmark: _Hlk23787307]In this paper we discuss the PUCCH MAC CE and SRS MAC CE.
[bookmark: _Ref178064866]2	PUCCH


Aspects related to overhead/latency reduction are listed as follows [1]:
· Overhead/latency reduction of beam management
· The maximum number of spatial relations for PUCCH (configured via RRC) is increased to 64.
· For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE is supported with (at least) up to two groups (WA) per BWP 

Here, what is needed for RRC is to increase the number of spatial relations for PUCCH, namely value for maxNrofSpatialRelationInfos is increased to 64 (it is 8 in Rel15). Further, the Rel-15 MAC CE gives a spatial relation info among 8 candidate spatial relation infos to one PUCCH resource in a BWP in a serving cell. According to RAN1 agreed functionality, the MAC CE needs to update the spatial relation info among 64 candidates to a single PUCCH resource. This is not possible with the current MAC CE signaling which uses a size-8 bitmap, where only a single bit can be set to one, to indicate the selection of one out of 8 candidate spatial relations. A simple extension is to change the interpretation of the corresponding octet to indicate a Spatial Relation ID rather than using a bitmap. However, that would mean that existing MAC CE is modified which is not a preferred approach.

[bookmark: _Toc23518754][bookmark: _Toc23945474]Modifying existing MAC CE is not a preferred option.

The PUCCH configuration is given to the UE for each bandwidth part of each serving cell configured for the UE. The PUCCH configuration includes a list of PUCCH resource sets and PUCCH resources. There can be mostly 4 PUCCH resource sets and each set may include up to 32 PUCCH resource. Thus, the total max number of PUCCH resource is 128. If RRC configuration gives more than one spatial resource for a PUCCH resource, a MAC CE is needed to point out also the initial spatial relation in addition to potential updates during the connection. Giving the spatial relation info for the UE per resource for each BWP and serving cell seems very inefficient especially upon connection establishment, HO or SCell activation.
[bookmark: _Toc23945475]Giving the spatial relation info for the UE per resource for each BWP and serving cell seems very inefficient especially upon connection establishment, HO or SCell activation.

Additionally, RAN1 has agreed that it should also be possible to make simultaneous spatial relation updates to a group of PUCCH resources, i.e. both resource-level and resource group-level indication spatial relation from up to 64 candidate spatial relations needs to be supported. The group level indication does not necessarily need an RRC configured PUCCH resource group as more flexible grouping is achieved by MAC CE.
Proposal is to prepare a MAC CE that enables efficient indication of spatial relation info for PUCCH resources of the UE. We give one example in the appendix which could be taken as baseline for Rel-16 PUCCH MAC CE design. This example does not enable giving one spatial relation info to multiple PUCCH resources but it can be extended to enable such if consensus is found. 
[bookmark: _Toc23945477]RAN2 to adopt the PUCCH spatial relation indication MAC CE provided in the appendix as baseline for Rel-16 PUCCH MAC CE design.
3	SRS
Aspects related to overhead/latency reduction are listed as follows [1]:
· Overhead/latency reduction of beam management
· Spatial relation update for aperiodic SRS (per resource level) is performed via MAC CE, for at least codebook-based/non-codebook-based UL transmissions, beam management, and (WA) antenna switching per SRS resource level
· Up to 64 candidate beams per BWP can be configured for BFR via RRC signaling
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling

[bookmark: _Hlk23944560][bookmark: _Hlk23944637][bookmark: _Hlk16772499]The SRS Activation/deactivation MAC CE in TS 38.321 is for semi-persistent resources and activates SRS on set level and updates the spatial resource for the SRS resources belonging to the set. A new aperiodic SRS MAC CE is needed that updates the spatial relation per individual aperiodic SRS resource. UE can be configured with total of 64 SRS resources per BWP/serving cell and a portion of those can be configured as aperiodic resources. Thus, the MAC CE should be variable size containing number of SRS resource IDs belonging to aperiodic resources and giving the spatial resource to those resources.
[bookmark: _Toc23787472][bookmark: _Toc23945478]RAN2 to agree a MAC CE that is variable size containing number of SRS resource IDs belonging to aperiodic resources and giving the spatial relation info to those resources. Also cell ID and BWP ID. 
For more efficient indication, RAN2 could discuss if a MAC CE supporting also set level indication should be supported.

[bookmark: _Toc23787473][bookmark: _Toc23945479]RAN2 to discuss should that MAC CE be able to indicate the spatial resource also on SRS set level. 
Appendix provides example TP for SRS resource spatial resource indication.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Modifying existing MAC CE is not a preferred option.
Observation 2	Giving the spatial relation info for the UE per resource for each BWP and serving cell seems very inefficient especially upon connection establishment, HO or SCell activation.
[bookmark: _Hlk16772471]Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to adopt the PUCCH spatial relation indication MAC CE provided in the appendix as baseline for Rel-16 PUCCH MAC CE design..
Proposal 2	RAN2 to agree a MAC CE that is variable size containing number of SRS resource IDs belonging to aperiodic resources and giving the spatial relation info to those resources. Also cell ID and BWP ID.
Proposal 3	RAN2 to discuss should that MAC CE be able to indicate the spatial resource also on SRS set level.

[bookmark: _In-sequence_SDU_delivery]5	References
[bookmark: _Ref16610974][bookmark: _Ref535910248][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref880517]R1-1907966 LS on MIMO enhancement for NR 
[bookmark: _Ref16611263]R1-1907870 LS on MAC CE design for SCell BFR


6	TP for PUCCH MAC CE


----------------------------------start of TP-----------------------------------------
[bookmark: _Hlk23926503]PUCCH spatial relation indication MAC CE



Figure x – PUCCH spatial relation indication MAC CE
This MAC CE is of flexible size and has the following fields: 
-	E: The value "0" indicates that the MAC CE provides spatial relation info for one or more individual PUCCH resource and that no spatial relations for PUCCH resource sets are provided, i.e. that the octet following this octet is the one containing the F field and PUCCH-Resource ID field. The value "1" indicates that the MAC CE provides spatial resources for up to 4 PUCCH resource sets the UE may be configured with and that no spatial relation info for one or more individual PUCCH resource are provided, i.e. that the octet following this octet is the one containing the PUCCH-SpatialRelationInfo set1 field.  The length of the field is 1 bit;
-	ServCellIndex: This field indicates the servCellIndex of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-	BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the field is 2 bits;
-	PUCCH SpatialRelationInfo seti: This field contains an identifier of the PUCCH spatial relation info identified by PUCCH-SpatialRelationInfoId indicated for a PUCCH resource set i as specified in TS 38.331 [5]. If UE is not configured with set i, the UE shall ignore the corresponding PUCCH SpatialRelationInfo seti field. The length of the field is 6 bits;
-	F: This field indicates whether an additional octet with F field and PUCCH-Resource ID with the same corresponding spatial relation info as the PUCCH-Resource ID in this octet follows this octet. The value "0" indicates that one additional octet containing the F field and PUCCH-Resource ID follows this octet. The value "1" indicates that the following octet contains the M field and the PUCCH-SpatialRelationInfo res field follows this octet. The length of this field is 1 bit;
-	PUCCH Resource ID: This field contains an identifier of the PUCCH resource ID identified by PUCCH-ResourceId as specified in TS 38.331 [5]. The length of this field is 7 bits;
-	M: This field indicates whether an additional octet with F field and PUCCH-Resource ID follows or if there are no additional octets. The value "0" indicates that an additional octet with F field and PUCCH-Resource ID follows. The value "1" indicates that no additional octets follow. The length of this field is 1 bit; 
-	PUCCH SpatialRelationInfo res: This field contains an identifier of the PUCCH spatial relation info identified by PUCCH-SpatialRelationInfoId indicated for a PUCCH resource as specified in TS 38.331 [5]. The length of this field is 6 bits;
-	R: Reserved bit, set to 0.



--------------------------------end of TP---------------------------------------------


7	TP for SRS MAC CE


----------------------------------start of TP-----------------------------------------
 SRS spatial relation indication MAC CE
[bookmark: _Hlk23927658]
The SRS spatial relation indication MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a variable size with following fields:
-	SUL: This field indicates whether the MAC CE applies to the NUL carrier or SUL carrier configuration. This field is set to "1" to indicate that it applies to the SUL carrier configuration, and it is set to "0" to indicate that it applies to the NUL carrier configuration. The length of this field is 1 bit;
-	SRS Resource's Cell ID: This field indicates the identity of the Serving Cell, which contains the SRS Resource. If the M field is set to "00", this field also indicates the identity of the Serving Cell which contains all resources indicated by the Resource IDi fields corresponding to the SRS Resource ID in the same octet as the M field. The length of the field is 5 bits;
-	SRS Resource's BWP ID: This field indicates an UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains activated/deactivated SRS Resource. If the M field is set to "00", this field also indicates the identity of the BWP which contains all resources indicated by the Resource IDi fields corresponding to the SRS Resource ID in the same octet as the M field. The length of the field is 2 bits;
[bookmark: _GoBack]-	M: This field indicates if the SRS Resource ID is followed by another SRS Resource ID or the corresponding Spatial resource and whether that spatial resource includes a corresponding Serving cell and BWP. The value "00" indicates that the following octet contains the F field and the Resource ID field. The value "01" indicates that the following octet contains the F field and the Resource ID field, and that the subsequent octet contains the Resource BWP ID field and the Resource Serving Cell ID field. The value "10" indicates that the following octet contains an M field and an SRS Resource ID field. The length of the field is 2 bits;
-	SRS Resource ID: This field indicates the SRS Resource ID identified by SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 6 bits;
-	F: This field indicates the type of a resource used as a spatial relationship for the SRS Resource indicated with SRS Resource ID field. The field is set to "1" to indicate NZP CSI-RS resource index is used, and it is set to "0" to indicate either SSB index or SRS resource index is used. The length of the field is 1 bit. 
-	Resource ID: This field contains an identifier of the resource used for spatial relationship derivation for SRS resource indicated by the SRS Resurce ID field. If F is set to "0", and the first bit of this field is set to "1", the remainder of this field contains SSB-Index as specified in TS 38.331 [5]. If F is set to "0", and the first bit of this field is set to "0", the remainder of this field contains SRS-ResourceId as specified in TS 38.331 [5]. The length of the field is 7 bits. 
-	Resource BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], on which the resource used for spatial relationship derivation for SRS resource is located. The length of the field is 2 bits;
-	Resource Serving Cell ID: This field indicates the identity of the Serving Cell on which the resource used for spatial relationship derivation for SRS resource is located. The length of the field is 5 bits;
-	R: Reserved bit, set to 0.
Following the octet containing the Resource ID field (if the octet containing Resource Serving Cell ID field is not included) or following the octet containing the Resource Serving Cell ID field (if included) there may be an octet containing the M field and the SRS Resource ID. The UE shall use the L-field in the MAC CE subheader to determine this.



Figure 6.1.3.17-x: SRS spatial relation indication MAC CE

--------------------------------end of TP---------------------------------------------
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