

Page 1

3GPP TSG-RAN2 Meeting #123bis	R2-2310932
Xiamen, China, October 9th – 13th, 2023

Agenda item:	7.20.2
Source:	Ericsson
Title:	MAC issues for multi-DCI multi-TRP with two TAs 
[bookmark: _Hlk506366071][bookmark: _Hlk53583950]WID/SID:	NR_MIMO_evo_DL_UL-Core, Rel-18
Document for:	Discussion and Decision
Introduction
In RAN2 #123 meeting, the following agreement was made: 
	Each joint/UL TCI state is associated with either TAG1 or TAG2 by RRC configuration.
RAN2 do not assume any restriction on grouping serving cells/TRPs to TAGs unless RAN1 indication comes.
RAN2 assumes the current 4 TAGs per cell group is sufficient to support Rel-18 mDCI mTRP with 2 TAs.
At least when both TATs for a SpCell are expired, 1-8 are applied to all TRPs of all serving cells.
At least when both TATs for a SCell are expired (assuming PTAG(s) of the cell group still running), 1-7 are applied to all TRPs associated to the TAG with the expired TAT (including both TRPs of the concerned SCell).
We will use the 2-PTAG model, i.e., both TAGs of SpCell are PTAGs; 
When the TAT for STAG is expired and the other TAT is running for a serving cell (i.e., SCell), no impact to the TRP with running TAT; 1 and 7 are applied to the TRP with TAT expired, FFS whether 2-6 are applied to the TRP with TAT expired,
when the TAT for PTAG is expired and the other TAT is running for a serving cell (SpCell or SCell), no impact to the TRP with running TAT; 1 and 7 are applied to the TRP with TAT expired, FFS whether 2-6 are applied to the TRP with TAT expired.
For inter-cell PDCCH order CFRA to the additionalPCI, 
PDCCH order indicates which additionalPCI’s PRACH configuration to be used (according to RAN1 agreement), 
The following is taken as baseline (for intra-cell case): for CBRA, we reuse the mechanism agreed for CFRA case, i.e. use the RA RAR to indicate the TAG.
The following information can be indicated by the MAC CE (for separate DL/UL TCI mode):
if the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs,
if the indicated TCI codepoint consists of one TCI state, whether the indicated TCI state(s) is for the first or second TRP(s)
if the unified TCI codepoint is for all, or sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}



For some of the remaining issues this paper discusses conclusions regarding the open issues below.
Two TAs for multi-DCI
 [Functional issue]
· TA modelling: whether to confirm assumption on 2-PTAG model
· Behaviors when one PTAG for SpCell expires
· Behaviors when one TAG for SCell expires
· Indication of TAG IDs in RACH procedure (if additional RAN1 agreement has RAN2 impact)
[MAC spec issue]
· Indication of TAG IDs in Absolute TAC MAC CE
Unified TCI framework extension
 [Functional issue]
· Whether to introduce separate MAC CEs for joint TCI and separate UL/DL TCI
Discussion
TA Modelling.
In Rel-18, two TA has agreed to be supported for intra-cell and inter-cell multi-DCI multi-TRP operation. This leads to that for each Serving Cell, two Tas (one for each TRP) is defined. As a result, the discussion also includes the use of separate Timing Advance Groups, TAG (sTAG, pTAG) as defined in RAN2. Note that currently, MAC support a model for where a serving cell is only associated to a single TAG and, as a result, the definition and use of the xTAG needs to be revised. 
In RAN2#123, it was agreed that for each SpCell, the two TAGs for the two TAs (see above) are considered a pTAG (“2-PTAG model)”. One timeAlignmentTimer is configured per TAG even when two TAGs are configured for a serving cell. With this model, the actions upon TA-timer expiry (sync determination using timeAlignmentTimer, TAT) have then been discussed resulting in an understanding that at least for the case when both timers expire for a cell legacy “out-of-sync” behavior is applied, more specifically:
· When both TATs for the SpCell expires the UE does 1-8 below
· When both TATs for an SCell expires, the does 1-7 below.

1.	not perform any uplink transmission except the Random Access Preamble and MSGA transmission;
2.	flush all HARQ buffers;
3.	notify RRC to release PUCCH, if configured;
4.	notify RRC to release SRS, if configured;
5.	clear any configured downlink assignments and configured uplink grants;
6.	clear any PUSCH resource for semi-persistent CSI reporting;
7.	maintain NTA (defined in TS 38.211 [8]) of this TAG;
8.	consider all running timeAlignmentTimers as expired.
Currently the UE behavior for timeAlignmentTimer (TAT) expiry at PTAG and STAG are specified separately in MAC. With a definition of two PTAGs for multi-DCI multi-TRP with two TAs the actions w.r.t TAT, it is assumed that for an expiry of TAT for one xTAG, this would not impact the other, i.e the current assumption is that for both STAG and PTAG, at least actions 1 & 7, above, applies per TAG upon TAT expiry.
In legacy, when an associated PTAG TAT expires, the UL for the SpCell is considered out-of-sync and actions 1-8 are performed. For a TAT associated with STAG the same actions for out-of-sync applies, except for flushing HARQ buffers. Now, with two TRP configured in one serving cell; using a TAT per associated TRP, there are likely a timeAlignmentTimer associated a TRP that is not expired. As a result, all actions pertaining to out-of-sync does not necessarily apply and HARQ processes can continue as retransmitting HARQ via a TRP with an associated running TAT.
As a result, the UE actions for where SpCell is defined as PTAG, and other TAGs defined as STAG where a single PTAG or STAG TAT expire follow action 3-6 above.
Proposal 1: When the TAT for a TAG expires and the other TAT is running, 3-6 are performed for the TRPs associated with the expired TAT, 2 is not performed. This applies to both PTAG and STAGs.
Intra Cell CBRA
In the previous meeting RAN2 adopted a baseline such to reuse the mechanism agreed for CFRA case by indicating the TAG in the RA RAR.
From legacy we know that UE-initiated CBRA can be triggered due events such as DL or UL data arrival, UL out-of-sync (TAT expiry), or BFR triggering etc. With that the UE uses RACH resource in RACH-ConfigCommon and existing TAG and legacy (N_TA,offset) are applied. The UE transmits a preamble (following the preamble to SSB mapping in that RO) and keep track of which cell the UE sent the preamble on – i.e. it knows that the TA is for that cell/TAG in RAR.
In Rel-18, one can assume that when TATs associated with the two TRPs are expired the UE does not know the association of TRP, RACH resource and NTAoffset for a UE initiated RACH procedure. I.e UE does not know which TAG to apply for a PRACH transmission. From RRC point of view, in comparison to legacy configuration, one could describe this as if the existing legacy TAG "disappears" when the second TAG is configured as both transform to per TRP TAGs.
It is currently not entirely clear from the discussion whether there is no need for UE to know TAG for N_TAoffset at the point of PRACH transmission. I.e as at the point of receiving an indication through RAR or similarly in the absolute TA command MAC CE (2-step RA) to know to which TAG to apply the TAC only occurs after preamble transmission.
This discussion clearly has RAN1 linkage, as the above may require a RACH resource/configuration associated with TAG ID provided in RRC signaling. A more straightforward approach with less complexity and low downside, would be in RAN2 to define a rule in that the UE always use the legacy PRACH config, i.e. legacy TAG and N_TAoffset for the SpCell. This would be in the domain of RAN2 as stated from RAN1.
Proposal 2: Amend the current baseline and specify that the UE for Intra-cell CBRA use the legacy PRACH config, i.e. legacy TAG and N_TAoffset for the SpCell.
TCI State Indication through MAC CE
In RAN2 123, the discussion did not resolve into whether separate or single MAC CEs for joint TCI State and separate DL/UL TCI States should be used. 
Although the technical difference is small, introducing separate new MAC CE for joint TCI and separate TCI does not lead to increased number of necessary Octets compared with the existing unified TCI state activation/deactivation MAC CE. 
Currently, the assumption is that the UE is configured on Serving Cell level with a parameter unifiedTCI-StateType-r17 ENUMERATED {separate, joint}. Thus, network is expected to only use one MAC CE for one UE that “mirrors” the feature used in the NW. The RAN2 MAC CE design effort needed would then be for separate TCI State MAC CEs. 
From a functionality p.o.v, also a single LCID can be used for conveying a single new MAC CE covering all the modes that are configured by RRC and as such may seem to be a leaner approach. This then always come with overhead unless the MAC CE is optimized (dynamic content/size) including the definition of additional fields.
In regard of this it seems having separate MAC CE is preferable
Proposal 3: Use separate new MAC CEs for joint TCI State and separate DL/UL TCI States
Conclusion
Proposal 1: When the TAT for a TAG expires and the other TAT is running, 3-6 are performed for the TRPs associated with the expired TAT, 2 is not performed. This applies to both PTAG and STAGs.
Proposal 2: Amend the current baseline and specify that the UE for Intra-cell CBRA use the legacy PRACH config, i.e. legacy TAG and N_TAoffset for the SpCell.
Proposal 3: Use separate new MAC CEs for joint TCI State and separate DL/UL TCI States
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