3GPP TSG-RAN WG2 Meeting #107Bis	R2-1913240
Chongqing, China, 14th - 18th October 2019

Agenda Item:	6.16.4
Source:	MediaTek Inc.
Title:	Support BFR for SCell
Document for:     Discussion and Decision
1.  Introduction
[bookmark: _GoBack]In RAN1#97 meeting, RAN1 sends LS [1] to RAN2 to inform the agreement of BFR for SCell as follows:
	Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only



	Agreement 
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell



In RAN2#107 meeting[2], RAN2 sends LS to RAN1 to conform that working assumption to introduce MAC CE for SCell BFR is feasible from RAN2 point of view. Besides, RAN2 ask for details of the BFR procedure/configuration [3]. In the same week, RAN1 provides a reply LS in [4] answering RAN2’s questions:

	Q1: Can the UE transmit BFR MAC CE using UL grant of any serving cell or should there be a restriction not to send it on failed serving cell(s)?
R1: At least from RAN1 perspective, there is no need for introducing such restrictions on MAC CE transmission for BFR in Rel-16.

Q2: If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted based on the answer to question 1, is the UE still required to transmit SR-like indication for BFR?
R2: In this case, UE is not required to transmit SR-like indication for SCell BFR.

Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
R3: RAN1 did not discuss this case. RAN1 plans to conclude on this by RAN1#98bis.

Q4: Is the SR-like dedicated PUCCH resource for SCell BFR configured for each SCell separately or is it common for all SCell(s) of the same cell group (i.e. MCG/SCG)?
R4: The SR-like dedicated PUCCH resource for SCell BFR is not configured separately for each SCell. 

Q5: What conditions are used for the (successful) completion of the SCell BFR?
R5: When UE receives beam failure recovery response (BFRR) to step 2, UE can consider BFR procedure is finished, where the BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE, which is the same as normal “ACK” for PUSCH.

Additional information
RAN1 would like to provide the following additional information on SCell BFR to RAN2.
· RAN1 suggests RAN2 to give higher priority for SCell BFR MAC CE than at least UL data, and also higher priority for SCell BFR PUCCH than normal SR
· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs





2. Discussion

2.1. Procedure for transmission of SR-like indication

Based on RAN1’ LS response, we have two observations:
· First, based on R2, SR-like indication for SCell BFR is used to request UL grant for transmitting BFR MAC CE 
· Second, based on R4, SR-like indication for SCell BFR does not carry any information such as the identity of the failed SCell and beam information
Therefore, according to RAN1 LS, the function of SR-like indication can be thought as one kind of SR configuration dedicated for BFR. That is, legacy SR procedure like triggering and cancelling conditions can be applied to the SR-like indication for BFR.

Observation: Based on RAN1 LS, SR-like indication for BFR is used to request resource for BFR MAC CE transmission. Therefore it can be modelled as a special SR configuration dedicated for BFR.
According to RAN1 LS A5, the signaling flow for SR-like indication is very similar to the legacy SR-BSR procedure, as illustrated in Figure 1.
UE
gNB
STEP 1: PUCCH-BFR
UL grant (addressed to C-RNTI or MCS-C-RNTI)
STEP 2: BFR MAC CE
BFRR (BFR response)
<carry an UL grant for new transmission>

Figure 1: Illustration of BFR procedure for SCell


In our view, SR-like indication can be though as a special SR configuration.

Proposal 1. To support BFR for SCell, NW configure UE a SR configuration dedicated for BFR, i.e. including the periodicity and offset of PUCCH resource, along with corresponding sr-counter, and sr timer.

Besides, the triggering and cancelling condition for BFRQ can reuse the mechanism of BSR in NR Uu. 


Proposal 2. As in legacy SR-BSR procedure, when BFR for a SCell is detected, BFRQ for the SCell with beam failure is triggered. Once the BFRQ for a SCell is triggered, it keeps pending until BFRQ information of the corresponding SCell is included in a MAC PDU and the MAC PDU is transmitted.

Similar to legacy SR-BSR procedure, if BFR is triggered and pending, but there is no available UL resource for transmission, UE trigger SR-like indication for BFR.

Proposal 3. When a BFRQ for a SCell is pending, if UE has no UL resource available to transmit the BFRQ MAC CE, SR-like indication associated with the SCell is triggered. When a SR-like indication is triggered, it keeps pending until it is cancelled.

Proposal 4. When a SR-like indication is triggered, it keeps pending until a MAC PDU including the BFRQ information of the corresponding SCell is transmitted. Those pending SR-like indications whose BFRQ information is not included in the transmitted MAC PDU keep pending.

If SR-like indication already reaches the maximum number of PUCCH transmission for the corresponding SR configuration, we prefer to trigger CBRA as the legacy NR Uu behavior for the following reasons:
· If we rely on NW to detect beam failure on a SCell, the latency may be quite long. So we prefer UE to actively provide report to the NW upon SR-indication failure.
· If SR-like indication fails, it means UE has problem in UL. If the SR configuration for BFR is configured on PCell, of course UE should recover it as soon as possible.

Proposal 5. Same as legacy NR Uu behavior, if SR-like indication already reaches the maximum number of PUCCH transmission configured for the applied SR configuration, UE cancel all pending SRs and trigger contention-based RACH on SpCell.


If it is agreed to trigger CBRA on SpCell after SR-like indication reaches its maximum transmission limit, a following question is how to handle the case when there is an ongoing RACH procedure. In LTE and NR Uu, the principle is that there is at most one Random Access procedure ongoing at any point in time in a MAC entity. 

	[bookmark: _Toc534933425]5.1.1	Random Access procedure initialization
…
NOTE 1:	If a new Random Access procedure is triggered while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).



So we have two options:
· Option 1: Follow NR Uu principle – it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure
· Option 2: Specify detailed RACH prioritization rule for BFR
· For example, we can always prioritize the RACH procedure triggered by BFRQ.  The priority order could be (handover or BFRQ for SpCell ) > BFRQ for SCell > other RACH intentions (e.g. for BSR)
The benefit of RACH prioritization, if any, is to inform gNB of BFR for SCell earlier. Whether we have the latency gain depends on whether UE has configured PRACH resource to inform gNB of BFR for SCell. If there is no dedicated PRACH resource for UE to trigger CBRA for SR-like indication failure, gNB then cannot know the RACH intention until Msg3 reception. In this way, stop ongoing RACH procedure and start a new RACH procedure for BFR will cause additional latency than continuing ongoing RACH procedure. Moreover, it is trivial to specify detailed timing for UE to determine whether to stop ongoing RACH procedure, e.g. if the ongoing RACH procedure is in preamble transmission phase, stop it; if UE already sends Msg3 for the ongoing RACH procedure, continue it. So, we prefer option 1 (i.e., follow legacy NR MAC behavior) and do not specify any RACH prioritization rule for BFR. 

Proposal 6. If CBRA fallback for SR-like indication failure is agreed, RAN2 do not specify RACH prioritization rule for stopping or continuing ongoing RACH procedure.

As mentioned in RAN1 LS, RAN1 suggests RAN2 to give higher priority for SCell BFR PUCCH than normal SR. From RAN2 point of view, the priority can be reflected when multiple PUCCH resource are overlapped, i.e. UE can select the prioritized one to transmit when multiple PUCCH resource are overlapped.
Proposal 7. If PUCCH for SR-like indication is overlapped with PUCCH for normal SR, UE select to send the PUCCH for SR-like indication.

2.2. BFR MAC CE
2.2.1. Priority order of BFR MAC CE
In NR, the MAC CE priority order is as follows:
	Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding.



We think the BFR MAC CE should be at least with a higher priority than non-padding BSR due to its stringent latency requirement. Besides, its priority should be lower than C-RNTI MAC CE considering that a RRC connected UE sends the BFR MAC CE in Msg3, and the Msg3 should at least include C-RNTI MAC CE. Therefore, we have the following proposal:
Proposal 8. The priority of BFR MAC CE is put after “C-RNTI MAC CE or data from UL-CCCH” and before “Configured Grant Confirmation MAC CE”.
2.2.2. Format of BFR MAC CE

When BFR for SCell is detected, UE may have UL resource available for transmission, but the UL grant may not be large enough to accommodate all the BFRQ information for multiple SCells plus the MAC subheader. In this case, similar to what we already have for BSR, UE anyway can put part of BFRQ information in the small MAC PDU (i.e., truncated BFR MAC CE). In contrast, if all the BFRQ information plus the MAC subheader can be included into the MAC PDU, the non-truncated BFR MAC CE format is used. Only when non-truncated BFR MAC CE is transmitted, i.e. all BFRQ information is included, the pending BFR can be cancelled.

Proposal 9. Both truncated and non-truncated BFR MAC CE format is supported.


According to RAN1 LS, it is up to RAN2 whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells. From RAN2 points of view, we think BFR is time critical and UE should report complete BFR information to the NW asap. So it is preferred that the BFR MAC CE can carry BFRQ information for multiple SCells, i.e., a flexible-size MAC CE.
Proposal 10. BFR MAC CE is a flexible-size MAC CE which can carry BFRQ information for multiple SCells.

According to RAN1 agreement, for each failed serving cell, the content of the BFRQ MAC CE should include (1) the ID of the SCell with beam failure (2) indicator for whether a new beam above the L1-RSRP threshold is found/reported (3) the information of the new beam if reported.
	(RAN1#97) Agreement 
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell



	(RAN1#98) Agreement
· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.
· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.



Several possible MAC CE formats can be considered below:
· Option 1: Enumerate beam failure information for each SCell with beam failure one-by-one
· F: the field indicates whether new beam information for the serving cell identified by the Serving Cell ID is provided or not. 
· Option 2: Use two bitmaps to separately indicate (1) whether a SCell has beam failure, and (2) whether beam information of a SCell with beam failure is provided.
· Ci: This field indicates whether the Serving Cell with ServCellIndex i has beam failure or not. 
· Fi: This field indicates whether the new beam information for the Serving Cell with ServCellIndex i is provided or not. Obviously, Fi is 1 only when  Ci  is 1.
· The number of bytes for Ci and Fi is FFS. For example, in PHR format, if the the highest ServCellIndex of Serving Cell with configured uplink is less than 8, then 1-byte bitmap is sufficient.
· Option 3: Use separate RNTI or flag in header or payload to separately indicate failed serving cell w/ new beam information and failed serving cell w/o new beam information.
· R: reserved bit, set to 0. Or it could be considered as a flag, e.g., if set to 1, the MAC CE indicates failed serving cell along with qualified new beam; if set to 0, the MAC CE indicates failed serving cell without qualified new beam provided.
· Ci: This field indicates whether the Serving Cell with ServCellIndex i has beam failure or not. 
· If the MAC CE is indicated as including new beam information, after the Ci field the new beam information is provided in order corresponding to serving cell with Ci set to 1.
 



Figure 2-1: Example of MAC CE format option 1


Figure 2-2: Example of MAC CE format option 2



	

	


	Figure 2-3(a): The format Indicating Serving cell w/o beam information
	Figure 2-3(b): The format indicating Serving cell w/ beam information

	Figure 2-3: Example of MAC CE format option 3



Proposal 11. RAN2 consider the proposed options for BFRQ MAC CE format (Figure 2-1 to 2-3).



3 Conclusion 
In this paper, we discuss the FFS issue for exceptional TX pool and valid duration of SL configured grant. 

Observation: Based on RAN1 LS, SR-like indication for BFR is used to request resource for BFR MAC CE transmission. Therefore it can be modelled as a special SR configuration dedicated for BFR.

Based on discussion above, we propose

For SR-like indication and BFRQ procedure:

Proposal 1. To support BFR for SCell, NW configure UE a SR configuration dedicated for BFR, i.e. including the periodicity and offset of PUCCH resource, along with corresponding sr-counter, and sr timer.

Proposal 2. As in legacy SR-BSR procedure, when BFR for a SCell is detected, BFRQ for the SCell with beam failure is triggered. Once the BFRQ for a SCell is triggered, it keeps pending until BFRQ information of the corresponding SCell is included in a MAC PDU and the MAC PDU is transmitted.

Proposal 3. When a BFRQ for a SCell is pending, if UE has no UL resource available to transmit the BFRQ MAC CE, SR-like indication associated with the SCell is triggered. When a SR-like indication is triggered, it keeps pending until it is cancelled.

Proposal 4. When a SR-like indication is triggered, it keeps pending until a MAC PDU including the BFRQ information of the corresponding SCell is transmitted. Those pending SR-like indications whose BFRQ information is not included in the transmitted MAC PDU keep pending.

Proposal 5. Same as legacy NR Uu behavior, if SR-like indication already reaches the maximum number of PUCCH transmission configured for the applied SR configuration, UE cancel all pending SRs and trigger contention-based RACH on SpCell.

Proposal 6. If CBRA fallback for SR-like indication failure is agreed, RAN2 do not specify RACH prioritization rule for stopping or continuing ongoing RACH procedure.


Proposal 7. If PUCCH for SR-like indication is overlapped with PUCCH for normal SR, UE select to send the PUCCH for SR-like indication.

For BFRQ MAC CE format:


Proposal 8. The priority of BFR MAC CE is put after “C-RNTI MAC CE or data from UL-CCCH” and before “Configured Grant Confirmation MAC CE”.
 
Proposal 9. Both truncated and non-truncated BFRQ MAC CE format is supported.

Proposal 10. BFRQ MAC CE is a flexible-size MAC CE which can carry BFRQ information for multiple SCells.

Proposal 11. RAN2 consider the proposed options for BFRQ MAC CE format (Figure 2-1 to 2-3).
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