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1. Introduction
[bookmark: OLE_LINK1]For multi-DCI multi-TRP with two TAs, in last meeting [1] we made working assumption to use two-PTAG model if the SpCell configured with two TRPs supports two TAs for UL transmission. Based on this model, we had also given an initial discussion on the possible UE behavior upon the expiry of TAT(s) as well as the TAG indication to UE upon RAR of intra-cell CBRA.
In this paper, we further discuss some open issues related to multi-DCI multi-TRP with two TAs. The issues that are covered by this paper are as follows,
· TAG modeling
· TAG ID value for SpCell
· TAG indication for inter-cell RACH and two-step RACH
· TRP-specific UE behavior upon TAT expiry
· UL sync upon handover
· Details on RRC parameter for additional PRACH
Section 2 gives the discussion part of this paper, and followed by Section 3 that summarizes the contribution of this paper.
2. Discussions
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]2.1 TAG modeling
In last meeting we had made working assumption that we will use two-PTAG model if the SpCell supports to be configured with two TAG IDs for multi-DCI scheduled multi-TRP operation,
	Working assumption:
· 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.


Firstly the working assumption should be confirmed, so we propose:
Proposal 1: RAN2 confirm that the 2-PTAG model will be used, 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.
2.2 TAG ID value for SpCell
As two-PTAG is supported, the TAG ID of each PTAG should be discussed. In legacy, according to the TS 38.321, the SpCell only supports to be included in one TAG, and the TAG ID that includes the SpCell (i.e., PTAG) is defined as value 0, 
	The Timing Advance Command MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-1.
It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.4-1):
-	TAG Identity (TAG ID): This field indicates the TAG Identity of the addressed TAG. The TAG containing the SpCell has the TAG Identity 0. The length of the field is 2 bits;
-	<< Omitted >>


Since the TAG ID is configured by RRC signaling via ServingCellConfig, the NW should configure the TAG ID to be 0 for SpCell.
When considering the SpCell configured with two TAGs, a basic issue is how to configure another PTAG value. Generally there are two candidate ways. The first one is to follow legacy where another constant value is used to identify the second PTAG. This way requires NW to provide this permanent value via RRC signaling if it configures the second PTAG for UE. Another way is just to rely on the NW configuration, that is to say, the second PTAG ID value can be flexibly defined by the RRC configuration. From our perspective, there is no strong reason to restrict the second PTAG with permanent value. So it is proposed that,
Proposal 2: If the SpCell is configured with two TAGs, it’s up to NW to configure the TAG ID by RRC signaling for the second PTAG i.e., not specify the TAG ID with a permanent value for the second PTAG.
2.3 TAG indication for inter-cell RACH and two-step RACH
TAG indication for inter-cell RACH
[bookmark: OLE_LINK17]Regarding the TAG indication by RAR, until now we have confirmed that for the intra-cell scenario, we will use a unified solution for CBRA and PDCCH order triggered CFRA,
	· 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.


Then another point that we need further clarification is whether to use TAG indication in RAR upon inter-cell scenario.
Based on the companies’ contribution in last meeting, several companies think if UE performs CFRA by PDCCH order, RAN1 has agreed that the dedicated RACH resource shall be configured for UE to acquire the TA for each configured additional PCI, so there is no need to make enhancement for TAG indication as UE can know which TAG the acquired TA should be applied based on resource used for RACH procedure. When considering the UE initialized CBRA, UE should firstly trigger RACH on the TRP with the serving cell PCI to recover the UL transmission, and thus has also no confusion on the UE side. If the NW wants to control UE to recover the UL transmission on another TRP by PDCCH order, the dedicated RACH resource shall be used by UE to trigger CFRA on the cell with additional PCI, so also with no confusion on this case.
We understand it can work well by above mentioned solution for the inter-cell scenario, but this may complicate the NW implementation as before sending RAR, the NW needs to separate whether UE is under intra-cell mTRP operation with two TAs or inter-cell mTRP operation with two TAs, and then determine whether to include the TAG ID in the RAR. From the UE side, it also should distinguish the TAG based on different scenarios, e.g., to determine the TAG ID from RACH resource for inter-cell case, and determine the TAG ID via RAR for intra-cell case, which make the spec complexity. Since the TAG indication has been introduced in RAR for the intra-cell scenario, we suggest using a unified solution on this issue. By this way UE could determine the TAG via RAR no matter it is intra-cell case or inter-cell case.
Proposal 3: For the inter-cell scenario, reuse the mechanism agreed for intra-cell case, i.e., use the RA RAR to indicate the TAG.
TAG indication for two-step RACH
[bookmark: OLE_LINK2][bookmark: OLE_LINK7]Another further consideration is to clarify the TAG indication upon 2-step RACH by the Absolute TA Command MAC CE. According to the RAN1 112-bis agreement,
	[bookmark: _GoBack]Conclusion 
For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
· One of two TAG IDs configured in the SpCell can be indicated


RAN1 has agreed to indicate one of two TAG IDs configured in the SpCell via the Absolute TA Command MAC CE. This issue was postponed due to further discussion on CBRA case. Now it was agreed that one bit is indicated in the RAR to indicate the TAG ID. It is obvious the conclusion made by RAN1 can be confirmed.
Proposal 4: Using one reserved bit to indicate the TAG ID via the Absolute TA Command MAC CE.
2.4 TRP-specific UE behavior upon TAT expiry
In last meeting, the RAN1 reply LS [2] had confirmed to define the TRP-specific UE behavior upon the expiry of a certain TAT, but the details still remains open. This issue was given an initial discussion from RAN2 perspective based on the two-PTAG model as follows,
	Working assumption:
· 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.


The above mentioned FFS aims to clarify whether we need per TRP operation regarding the following behavior,
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;


· HARQ buffer
Currently each HARQ buffer is associated with a HARQ process. When a TAT for a certain TRP expires (assuming this TRP as TRP1), it is not reasonable to flush all HARQ buffer for the serving cell, because the other TRP (assuming this TRP as TRP2) shouldn’t be impacted when its TAT is running. If all HARQ buffer is flushed, the TRP2 couldn’t schedule the corresponding HAQR process for retransmission.
Observation 1: For a serving cell configured with 2 TAGs, it will impact the scheduling for the other TRP when only one TAT expires, if UE flush all HARQ buffers for the serving cell.
Furthermore, if all HARQ buffers are kept, there may be the scenario where non-ideal backhaul is deployed between two TRPs. The HARQ process scheduled by the TRP with TAT expiry (TRP1) couldn’t be further used for the subsequent scheduling by another TRP (TRP2), because the TRP2 may not know the status for the HARQ process associated with TRP1.
Observation 2: For a serving cell configured with 2 TAGs, the HARQ process scheduled by the TRP of which the TAT expires may not be scheduled by another TRP due to the non-ideal backhaul.
Therefore, it is suggested to only flush the HARQ buffer scheduled by the TRP for which the TAT is expired, which requires UE to distinguish the HARQ process scheduled by each TRP, e.g., according the corresponding coresetPoolIndex associated with the scheduled HARQ process.
Proposal 5: For multi-DCI multi-TRP with two TAs, the UE flushes the HARQ buffer/HARQ process scheduled by the TRP of which the TAT is expired.
· PUCCH/SRS/ SPS&CG/PUSCH for semi-persistent CSI reporting
Now the multi-DCI multi-TRP operation with two TAs only considers the unified TCI state framework, and each TCI-State for joint mode/TCI-UL-State for separate mode is associated with a certain TAG ID according to the latest RAN1 RRC parameter list [3]. When considering the channel/RS resource as mentioned above, since the resource are usually used for the indicated beam by the activated unified TCI state, it seems straightforward that the UE only release/clear the corresponding resource for the TRP with expired TAT. Otherwise, the procedure on another TRP with ongoing TAT may be impacted if all resource is cleared/released, which is unexpected operation
PUCCH/SRS
For the static configuration PUCCH/SRS, as these resource can be configured to be associated with a certain UL TCI state, which further associates with a certain TAG ID, UE can know to release which PUCCH/SRS based on this association.
Proposal 6a: For multi-DCI multi-TRP with two TAs, notify RRC to release PUCCH/SRS, if configured, for the TRP of which the TAT is expired.

SPS&CG/PUSCH for semi-persistent CSI reporting
For the semi-persistent resource, similar as above, they are also indicated with a certain UL TCI state by the corresponding scheduling information. As the UL TCI state is associated with a certain TAG ID, UE can know to clear which configured downlink assignments/configured uplink grants and PUSCH resource for semi-persistent CSI reporting.
Proposal 6b: For multi-DCI multi-TRP with two TAs, clear the configured downlink assignments/configured uplink grants and PUSCH resource for semi-persistent CSI reporting for the TRP of which the TAT is expired.
2.5 UL sync upon handover
In legacy L3 handover, when UE receives ReconfigWithSync, UE will trigger RACH to acquire the TA information in the target cell.
When considering multi-DCI multi-TRP with two TAs, there may be the case where the target cell is associated with two TAGs, therefore a basic issue is whether we need enhancement for UE to acquire two TAs for two TRPs associated with different TAGs upon handover execution.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Option 1 – Only acquire one TA for a TRP associated with a certain TAG
Option 1 aims to follow legacy as much as possible, which has less spec impact. By Option 1, when UE performs handover, UE only triggers RACH at a certain TRP to acquire the TA for the associated TAG. Before the expiry of T304, UE considers the successful access of the target cell upon completion of the RACH procedure. Then based on NW implementation, the gNB can send PDCCH order in the target cell to trigger RACH on another TRP to acquire the TA for the corresponding associated TAG.
· Option 2 – Acquire two TAs for two TRPs associated with different TAGs
Option 2 requires UE to perform RACH procedure at the two TRPs during handover. With Option 2, there may need much effort from RAN2 perspective. Currently, the MAC protocol only supports one ongoing RACH procedure at a time. Even UE can perform another RACH procedure after the completion of the first RACH procedure, it also exists the RACH resource indication issue that needs further RAN2 consideration. In legacy handover, UE may be provided by the target cell with the dedicated RACH resource for access to the target cell. When considering two RACH procedures upon handover, dedicated RACH resource for two TRPs are needed but the current RRC configuration does not support this.
In summary, Option 1 can work well and we do not see much motivation to make enhancement on the handover scenario, therefore it is suggested that,
Proposal 7: For multi-DCI multi-TRP with two TAs, do not make enhancement upon performing handover to the target cell associated with two TAGs, i.e., UE performs RACH to acquire the TA of one PTAG for the serving cell.
2.6 Details on RRC parameter for additional PRACH
In the latest RAN1 RRC parameters for two-TA enhancement within Rel-18 MIMO [3], RAN1 provides that the IE additionalCFRA-ToAddModList-r18 is used to configured the UE-specific CFRA configurations where each element in the list refers to the one of the additional PCIs configured by RRC.
· Parent IE 
The first open issue that needs RAN2 involvement is to determine the parent IE of additionalCFRA-ToAddModList-r18. The RACH configuration is usually configured within dedicated BWP as UE needs the BWP configuration to determine the RACH resource. From this perspective, it is straightforward that the CFRA resource for additional PCIs is provided under each UL BWP.
Proposal 8: The CFRA configuration for additional PCI (additionalCFRA-ToAddModList-r18) is configured under the BWP-UplinkDedicated.
· Detailed RRC parameter
Then another open issue that depends on RAN2 design is the detailed RRC parameter.
Since only CFRA is supported, the basic RACH configuration can take the RACH-ConfigDedicated as baseline,
RACH-ConfigDedicated ::=        SEQUENCE {
    cfra                            CFRA                                                                    OPTIONAL, -- Need S
    ra-Prioritization               RA-Prioritization                                                       OPTIONAL, -- Need N
    ...,
    [[
    ra-PrioritizationTwoStep-r16    RA-Prioritization                                                       OPTIONAL, -- Need N
    cfra-TwoStep-r16                CFRA-TwoStep-r16                                                        OPTIONAL  -- Need S
    ]]
}

CFRA ::=                    SEQUENCE {
    occasions                       SEQUENCE {
        rach-ConfigGeneric              RACH-ConfigGeneric,
        ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
                                                                                                            OPTIONAL  -- Cond Mandatory
    }                                                                                                       OPTIONAL, -- Need S
    resources                       CHOICE {
        ssb                             SEQUENCE {
            ssb-ResourceList                SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
            ra-ssb-OccasionMaskIndex        INTEGER (0..15)
        },
        csirs                           SEQUENCE {
            csirs-ResourceList              SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
            rsrp-ThresholdCSI-RS            RSRP-Range
        }
    },
    ...,
    [[
    totalNumberOfRA-Preambles INTEGER (1..63)                                                             OPTIONAL -- Cond Occasions
    ]]
}


For 4-step RACH, as above highlighted part by yellow, only the cfra is configured for 4-step CFRA. Because the preamble index, SSB index and mask are provided by PDCCH order, only the occasion-related parameters are needed via RRC, i.e. RACH-ConfigGeneric and ssb-perRACH-Occasion. Therefore, it is proposed that,
Proposal 9: The RRC parameters associated with each additional PCI should include the general RACH configuration parameters RACH-ConfigGeneric as well as the association between RACH occasion and SSB ssb-perRACH-Occasion.
3. Conclusion
This paper further discuss some open issues related to multi-DCI multi-TRP with two TAs, and the conclusion of this paper is as follows,
Observation 1: For a serving cell configured with 2 TAGs, it will impact the scheduling for the other TRP when only one TAT expires, if UE flush all HARQ buffers for the serving cell.
Observation 2: For a serving cell configured with 2 TAGs, the HARQ process scheduled by the TRP of which the TAT expires may not be scheduled by another TRP due to the non-ideal backhaul.
TAG modeling
Proposal 1: RAN2 confirm that the 2-PTAG model will be used, 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.
TAG ID value for SpCell
Proposal 2: If the SpCell is configured with two TAGs, it’s up to NW to configure the TAG ID by RRC signaling for the second PTAG i.e., not specify the TAG ID with a permanent value for the second PTAG.
TAG indication for inter-cell RACH and two-step RACH
Proposal 3: For the inter-cell scenario, reuse the mechanism agreed for intra-cell case, i.e., use the RA RAR to indicate the TAG.
Proposal 4: Using one reserved bit to indicate the TAG ID via the Absolute TA Command MAC CE.
TRP-specific UE behavior upon TAT expiry
Proposal 5: For multi-DCI multi-TRP with two TAs, the UE flushes the HARQ buffer/HARQ process scheduled by the TRP of which the TAT is expired.
Proposal 6a: For multi-DCI multi-TRP with two TAs, notify RRC to release PUCCH/SRS, if configured, for the TRP of which the TAT is expired.
Proposal 6b: For multi-DCI multi-TRP with two TAs, clear the configured downlink assignments/configured uplink grants and PUSCH resource for semi-persistent CSI reporting for the TRP of which the TAT is expired.
UL sync upon handover
Proposal 7: For multi-DCI multi-TRP with two TAs, do not make enhancement upon performing handover to the target cell associated with two TAGs, i.e., UE performs RACH to acquire the TA of one PTAG for the serving cell.
Details on RRC parameter for additional PRACH
Proposal 8: The CFRA configuration for additional PCI (additionalCFRA-ToAddModList-r18) is configured under the BWP-UplinkDedicated.
Proposal 9: The RRC parameters associated with each additional PCI should include the general RACH configuration parameters RACH-ConfigGeneric as well as the association between RACH occasion and SSB ssb-perRACH-Occasion.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]4. Reference
[1] R2-2308972, Report from NR MIMO evolution session
[2] R2-2307018	Reply on LS 2TA for multi-DCI multi-TRP (R1-2306249; contact: Ericsson)   RAN1   LS in     Rel-18	NR_MIMO_evo_DL_UL-Core	To: RAN2
[3] R1-2308674, Consolidated_higher_layer_parameters_list_for_Rel18
