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1 Introduction
RAN1 has studied to support BFR on SCell and the following agreements have been achieved in RAN1#97 meeting:


[image: image1.emf]And during previous RAN2 meeting, the following agreements related to SCell BFR have been achieved:
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)

Agreements:

1. beamFailureDetectionTimer and beamFailureInstanceMaxCount are configured cell specifically per each DL BWP configured.

2. Upon reconfiguration of beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection by upper layers, BFI_COUNTER is set to 0 for the given Serving Cell.

3. When SCell BFR SR resource is not configured and SCell BFR MAC CE transmission triggers SCell BFR SR, Random Access procedure on SpCell is triggered to request UL resources to transmit the SCell BFR MAC CE (similarly to Rel-15 behaviour on SR). 

4. when SCell BFR SR is triggered and the UE has an overlapping SR PUCCH resource with the SCell BFR SR PUCCH resource, the UE shall select the SCell BFR SR PUCCH resource for transmission.

5. Pending SR for SCell beam failure recovery triggered prior to the MAC PDU assembly shall be cancelled when the MAC PDU is transmitted and this PDU includes a SCell BFR MAC CE.

6. SCell BFR MAC CE can carry information of multiple failed SCells, ie., multiple entry format for SCell BFR MAC CE is defined.

7.
For each SCell, the SCell BFR MAC CE indicates the following information:


-
information about the failed SCell index;


-
indication if a new candidate beam RS is detected or not;


-
new candidate beam RS index (if available).

8.
SCell BFR MAC CE has higher priority at least than “data from any Logical Channel, except data from UL-CCCH” and LBT MAC CE, higher priority is FFS.

In this contribution, we will discuss the SCell BFR MAC CE design.
2 Discussion  
2.1 SCell BFR MAC CE design
We have agreed that Scell beam failure detection is per cell and each DL BWP of a SCell can be configured with an independent SCell BFR configuration. 
As agreed in RAN1, there can be multiple SCells supporting BFR based on UE capability and network configuration. Thus, it is natural to perform beam failure detection for each SCell independently. The MAC entity counts the beam failure instance(s) received from lower layer and triggers the corresponding beam failure recovery procedure. For each serving cell, the corresponding counter and timer are maintained separately.
Observation 1 SCell BFR-related counter and timer are maintained independently for each serving cell which supports BFR. 
Observation 2 SCell beam failure detection is performed independently. 

Since SCell beam failure detection is performed independently, there may be multiple serving cells declaring the beam failure before the available UL resources which used to transmit the triggered MAC CE. In [1], the LS replied from RAN1 has mentioned that beam failure on multiple SCells can occur simultaneously:

“RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs”

And in that case, beam failure on multiple SCells will be declared and the question is how UE report the beam failure information to network? RAN 2 has agreed that multiple entry format for SCell BFR MAC CE is defined. If multiple SCells beam failure occurs, one possible case is that the UL grant may not be able to accommodate all the triggered BFR MAC CE(s). In this case, only part of the BFR MAC CEs with single entry format can be included while the network is not aware of the remaining BFR MAC CEs. 

Observation 3 Beam failure on multiple SCells may be declared simultaneously.
Truncated BFR MAC CE format can handle the concern when the UL grant is not big enough to accommodate all the triggered BFR MAC CE(s) with multiple entry format. Even all the triggered BFR SR(s) are cancelled, the network can still be aware of all the failed SCell index, only some of them are without SSB/CSI-RS indications.
Observation 4 Truncated BFR MAC CE format can handle the concern when the UL grant is not big enough to accommodate all the triggered BFR MAC CE(s) with multiple entry format.

Proposal 1 Truncated SCell BFR MAC CE format is supported.
And the truncated SCell BFR MAC CE can implicit indicate that whether the UL grant is enough for a UE for BFR reporting. Thus all triggered BFR SR(s) prior to MAC PDU assembly should be cancelled when the MAC PDU including a BFR MAC CE is transmitted, regardless the SCell BFR MAC CE is truncated or not.
Proposal 2 All triggered BFR SR(s) prior to MAC PDU assembly should be cancelled when the MAC PDU including a BFR MAC CE is transmitted.
An example of BFR MAC CE with multiple entry:

· Ci: This field indicates the presence of a beam index for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. For Long BFR MAC CE format, the Ci field set to "1" indicates that that beam failure is detected and the octet containing A/N field is present for the ServCellIndex i is reported. The Ci field set to "0" indicates that beam failure is not detected and the octet containing A/N field is present for the Serving Cell with ServCellIndex i is not reported; For the Truncated BFR MAC CE format, this field indicates whether serving cell i has declared beam failure. The Ci field set to "1" indicates that serving cell i has declared beam failure. The serving cell i field set to "0" indicates that serving cell i does not declare beam failure;  
· A/N: This filed indicate whether the RSRP of the reported candidate beam above the configured threshold. The field set to "1" indicates that the RSRP of the reported candidate beam has above the configured threshold. The field set to "0" indicates that none of the candidate beam is available.
· Candidate RS ID: This field identifies the suggested candidate RS ID for the failed SCell. The length of this field for the Long BFR MAC CE format and the Truncated BFR MAC CE format is 6 bits. For the Long BFR MAC CE format and the Truncated BFR MAC CE format, the candidate RS ID fields are included in ascending order based on the Ci. For the Truncated BSR format the number of Candidate RS ID fields included is maximised, while not exceeding the number of available grant sizes.

· R: Reserved bit, set to "0".

NOTE:
The number of the Candidate RS ID fields in the Long BFR MAC CE and Truncated BFR MAC CE format can be zero.
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Figure1: Long/Truncated BFR MAC CE for SCell
Proposal 3 RAN2 endorse TP in the Annex regarding BFR MAC CE format.
With the given BFR MAC CE format, UE can report the beam failure status base on the failed SCell(s) as well as the size of required UL grant. And separate LCID is used to differentiate the MAC CE format.  

Proposal 4 Separate LCID for Long and Truncated BFR MAC CE is used.

2.2 SCell BFR termination 

Another issue related to the condition of SCell BFR termination. In current running CR of TS 38.321, once UE a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission in received for the HARQ process used for the transmission of the SCell BFR MAC CE which contains beam failure recovery information of this Serving Cell. The Beam Failure Recovery procedure for the SCell is considered  as successfully completed.
An in the CR of physical layer, UE will switch the DL beam for the SCell after 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value.

One case based on current spec is that UE may not receive a new transmission scheduling even the BFR MAC CE is successfully received if network does not expect to schedule the new data to the UE. If UE does not receive the new transmission scheduling and switch to the DL beam to the new reported one, the latency of SCell BFR will be largely increased. And if network has successfully received the BFR MAC CE, the DL transmission beam may be switched to new one that UE reported in the BFR MAC CE. In that case, the misalignment on the DL beam would be caused between UE and network side.

Proposal 5 RAN2 confirm that network will always send a PDCCH scheduling for new transmission once the BFR MAC CE is successfully received. Otherwise the UE behaviour should be specified if no PDCCH scheduling for a new transmission is received.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
SCell BFR-related counter and timer are maintained independently for each serving cell which supports BFR.
Observation 2
SCell beam failure detection is performed independently.
Observation 3
Beam failure on multiple SCells may be declared simultaneously.
Observation 4
Truncated BFR MAC CE format can handle the concern when the UL grant is not big enough to accommodate all the triggered BFR MAC CE(s) with multiple entry format.


Based on the observations, we propose:
Proposal 1
Truncated SCell BFR MAC CE format is supported.
Proposal 2
All triggered BFR SR(s) prior to MAC PDU assembly should be cancelled when the MAC PDU including a BFR MAC CE is transmitted.
Proposal 3
RAN2 endorse TP in the Annex regarding BFR MAC CE format.
Proposal 4
Separate LCID for Long and Truncated BFR MAC CE is used.
Proposal 5
RAN2 confirm that network will always send a PDCCH scheduling for new transmission once the BFR MAC CE is successfully received. Otherwise the UE behaviour should be specified if no PDCCH scheduling for a new transmission is received.


4 Annex-Text proposal
6.1.3.21
Long/Truncated BFR MAC CE
The Long/Truncated BFR MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2.
The fields in the BFR MAC CE are defined as follows:
· Ci: This field indicates the presence of a beam index for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. For Long BFR MAC CE format, the Ci field set to "1" indicates that that beam failure is detected and the octet containing A/N field is present for the ServCellIndex i is reported. The Ci field set to "0" indicates that beam failure is not detected and the octet containing A/N field is present for the Serving Cell with ServCellIndex i is not reported; For the Truncated BFR MAC CE format, this field indicates whether serving cell i has declared beam failure. The Ci field set to "1" indicates that serving cell i has declared beam failure. The serving cell i field set to "0" indicates that serving cell i does not declare beam failure;  

· A/N: This filed indicate whether the RSRP of the reported candidate beam above the configured threshold. The field set to "1" indicates that the RSRP of the reported candidate beam has above the configured threshold. The field set to "0" indicates that none of the candidate beam is available.

· Candidate RS ID: This field identifies the suggested candidate RS ID for the failed SCell. The length of this field for the Long BFR MAC CE format and the Truncated BFR MAC CE format is 6 bits. For the Long BFR MAC CE format and the Truncated BFR MAC CE format, the candidate RS ID fields are included in ascending order based on the Ci. For the Truncated BSR format the number of Candidate RS ID fields included is maximised, while not exceeding the number of available grant sizes.

· R: Reserved bit, set to "0".

NOTE:
The number of the Candidate RS ID fields in the Long BFR MAC CE and Truncated BFR MAC CE format can be zero.
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Figure 6.1.3.21-1: Long/Truncated BFR MAC CE
6.2.1
MAC subheader for DL-SCH and UL-SCH

Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5])

	1–32
	Identity of the logical channel

	33–49
	Reserved

	50
	Truncated BFR 

	51
	Long BFR 

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5])

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octet Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding
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