
3GPP TSG-RAN WG2 Meeting #107bis
                                            R2-1914382
Reno, USA, Nov. 18 – 22, 2019
Source:
CATT

Title:
Remaining issues of Scell BFR
Agenda Item:
6.16.4
Document for:
Discussion and Decision

1. Introduction
The Rel.16 MIMO enhancement WID was updated in RAN#85 and has the following scope [1]
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify beam failure recovery for SCell with DL/UL as well as UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
Progress was made in the previous meetings [2]. This contribution discusses remaining open issues with SCell BFR. 
Basically SCell beam failure recovery is conducted in a two-step framework. In step 1, UE report beam failure event (if found in at least one SCell) on a dedicated BFR-PUCCH resource, which can be configured to be PUCCH format 0 or 1. In step 2, BFR-MAC-CE is used to report failed CC indices and one new candidate beam index per failed CC (if there is at least one new beam satisfying the L1-RSRP threshold). In RAN2 #107bis, the following were agreed [2]

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)

The FFS aspects together with some other open issues were discussed via email [3]. Based on the discussions there are still some open issues, which we discuss in the remainder of this contribution. 

2. Closing the open issues of Beam failure recovery on SCell
2.1 Whether SCell BFR MAC CE is transmitted on failed SCell(s)

In [3] a related question was discussed. 

Question 4: Do companies agree that the Scell BFR MAC CE should not be transmitted on Scell(s) where beam failure is detected?

The has been Q&A between RAN WG 1/2 on this topic, i.e., 

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.
In our view although RAN1 may not see a strong motivation for restriction, RAN2 can study and discuss. The drawback of sending BFR MAC CE on failed SCell is discussed and well understood. The question is then if an improved procedure is needed. We can take a closer look at the issue case by case (we only consider the cases when there SR PUCCH resource is available). 
Table 1 On PUSCH for BFR MAC CE in different cases 

	Cases
	Discussions

	BFR SR or normal SR available, no configured UL grant
	UE transmits SR and follow the UL grant from the NW, even if the assigned PUSCH is on failed SCell. 

	One configured UL grant available
	UE transmits BFR MAC CE on the configure UL grant, even if the PUSCH is on failed SCell. 

	Multiple configured UL grants available
	UE selects one PUSCH on a SCell that is not failed, if any. 


To summarize we have the following proposal. 
Proposal 1
If UE has a configured UL grant that is not on the failed SCell(s), UE should first select the PUSCH to transmit the BFR MAC CE. Otherwise UE follows the UL grant. 

2.2 Remaining issue with candidate beam configuration

Another open issue based on [3] is as the following.

Should the new candidate beam RS(es) be configured on each DL BWP configured for the SCell?

In our view it is more appropriate to say “new candidate beam RS(s) be configured for each DL BWP configured for the SCell”. First of all, RAN1 already agreed that if a SCell is configured with BFR, new beam RS must be configured for the SCell, which means it is mandatory. Secondly, new candidate beam RS can be physically located in the same cell or a different one, which is NW implementation. In Rel-15, it already allows cross-CC spatial QCL where two cells have the same QCL assumption (e.g. same Tx/Rx beam). That is to say, beam management RS for a cell may be in the same or another cell. The RS configuration has a “CC index” IE field that supports this feature. 

With the above clarification, the real benefit from NW deployment point of view seems limited if candidate RS(es) configured only for some of the DLBWPs.  Actually it is not well understood whether this kind of configuration leads to more or less flexibility. 
Based on these we have the following proposal. 
Proposal 2
New candidate beam RS is configured on each DL BWP of the SCell, if BFD/BFR is configured for the SCell.
2.3 Remaining issue with SCell BFR termination

Three aspects were discussed in [3]. 
· First of all, there was a discussion on the guidance provided by RAN1, i.e., whether RAN1 suggestion of using for BFR termination the “ACK” for the HARQ process carrying the SCell BFR MAC CE is problematic? In our view, the RAN1 suggested way has no big issue. From UE point of view the behavior is quite clear. BFR termination is based on reception of an UL grant scheduling a new transmission on the HARQ that carried BFR-MAC-CE, which implies NW has received the MAC-CE. The rest can be up to NW implementation. 
· Secondly, it was discussed whether TCI state activation command via MAC CE or TCI state RRC reconfiguration via RRC should be instead used for SCell BFR termination? In our view such mechanism is not needed. Basically, NW can send TCI activation MAC-CE anytime it wants to, before or after an explicit “ACK” as above. If it is applied before “ACK”, there is no guarantee that NW received the BFR-MAC-CE. If it is after, the functionality is already supported (by implementation) by the current spec and no further optimization is required.
· Then one more question raised is whether deactivation of the failed SCell is used for SCell BFR termination. Technically, it is true that when a cell/BWP is deactivated, any ongoing BFR procedure is no longer valid. For example, one can argue what is then the use case where the SCell is deactivated but the BFR procedure is ongoing. But on the other hand there seems to be views that this can be left to UE implementation. Our view is that explicitly introducing another termination rule based on SCell deactivation is not strictly necessary. However if indeed this is to be introduced, it should be made clear that when SCell is re-activated, the BFR procedure shall be reset where all BFR-related counter/timer are all set to 0. 
Based on these we have the following proposal. 
Proposal 3
RAN2 confirms the RAN1 suggested mechanism for BFR termination, i.e., using for BFR termination the “ACK” for the HARQ process carrying the SCell BFR MAC CE. 

2.4 Remaining issue BFR MAC CE design
From the discussions [3] there seems to be converged view that SCell BFR MAC CE can carry information of multiple failed SCells – “multiple entry format”. There are a few more aspects to solve. 

For all SCells (within a cell group), a BFR-MAC-CE is transmitted to indicate failed CC indices and new beam indices. For SCell indices report in BFR-MAC-CE, the following options are possible:

· Indices of failed SCell indices are explicitly reported. Indices of non-failed CC are not reported. This results in variable payload of the MAC-CE. 

· A length-L bitmap signals SCell failure status (e.g. failed or non-failed), where L is the number of total number of SCells within the Cell group. This leads to a constant payload of the MAC-CE. 

The second option above is preferable due to its simplicity.
Proposal 4
A length-L bitmap is used to indicate the SCell failure status (e.g. failed vs. non-failed). 

The length of the bitmap (e.g. L) may be determined based on the maximum number of SCells that can be configured per group in NR, or equals to the actual number of configured SCell. Given that both result in a fixed MAC-CE payload which is non-ambiguous to NW scheduling, both are acceptable.  

Proposal 5
The length of the bitmap for beam failure status reporting is equal to the maximum number of SCells that can be configured (per cell group) in NR, or based on the actual number of SCells configured per cell group.

It was agreed in RAN1 that new beam detection will be based on the same performance metric (e.g. L1-RSRP) as PCell BFR in Rel.15. For each failed SCell, if UE finds at least one new beam above the threshold, UE reports one new beam index in the BFR-MAC-CE. Which beam among the set of the candidate new beams exceeding the performance requirement to report is left to UE implementation. It is also agreed that the maximum number of new beam detection RS is 64 for SCell in Rel.16. One open issue is the new beam reporting content if such a new beam is not found.  At least two options are possible: 

· Option 1: NBI field has 7 bits: 6 bits are used to report new beam index (if found), and 1 bit indicates whether a new beam is found. 

· Option 2: One state of the NBI field indicates the event of “no new beam found”, while the other states are used for actual new beam reporting. 

This would still require log2(64+1) = 7 bits, or log2 (63+1) = 6 bits to achieve any overhead reduction than option 1. The latter would essentially decrease the number of effective candidate beam RS to 63, even though 64 RS can be configured. In this case UE may choose to not measure/report a candidate RS (e.g. 1st or the last), even if this RS is configured. 

From spec simplicity perspective, both option 1 and option 2 with 7 bits reporting are acceptable. 

Proposal 6
NBI field has 7 bits.
3. Conclusions
In this contribution we aim at closing the open issues regarding SCell BFR procedure. We have the following proposals on the topic. 
Proposal 1
If UE has a configured UL grant that is not on the failed SCell(s), UE should first select the PUSCH to transmit the BFR MAC CE. Otherwise UE follows the UL grant. 
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Proposal 2
New candidate beam RS is configured on each DL BWP of the SCell, if BFD/BFR is configured for the SCell.
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Proposal 3
RAN2 confirms the RAN1 suggested mechanism for BFR termination, i.e., using for BFR termination the “ACK” for the HARQ process carrying the SCell BFR MAC CE. 
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Proposal 4
A length-L bitmap is used to indicate the SCell failure status (e.g. failed vs. non-failed). 
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Proposal 5
The length of the bitmap for beam failure status reporting is equal to the maximum number of SCells that can be configured (per cell group) in NR, or based on the actual number of SCells configured per cell group.



 REF p6 \h 

Proposal 6
NBI field has 7 bits.
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