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Introduction
In this paper, we discuss 2-TA enhancement for Rel-18 NR MIMO WI [1]
	· Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
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Overlapping uplink transmissions 

In RAN1#110, we reached the following agreement on overlapping of two UL transmissions:
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)



The issue of overlap between two UL transmissions is not new, in the current specifications this can occur in the slot boundaries and is resolved in the specifications as shown below:
	If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. The UE does not change 𝑁𝑇𝐴 during an actual transmission time window for a PUSCH or a PUCCH transmission [6, TS 38.214].



In order to understand the nature of overlap in Rel-15, we can assume a 15kHz SCS, where a TA adjustment step-size is equal to 16*64*Tc = ~0.5us. A TA command is delivered by 6 bits, so at a slot boundary TA adjustment could be +/- 16us (32*0.5 us) which is greater than a CP. Therefore, up to a symbol can be lost due to TA overlap.
We propose to extend the same principle for Rel-18 where overlapping part between two UL transmissions associated with two TAs is handled by reducing the duration of the second transmission. The issue of maximum TA difference is discussed in RAN4. Additionally, we expect that for STxMP transmissions, such relaxation is not needed.

Proposal-1: overlapping between two UL transmissions associated with two TAs is handled by reducing the duration of the second transmission until the maximum TA difference (as will be advised by RAN4). This does not apply to STxMP transmissions.

Associating TAGs to uplink channels/signals

We reached the following agreement in RAN1#110:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)



In order to apply the TA values properly to uplink transmission, a UE needs to associate an uplink transmission to a TA value field. Note that DL and UL transmissions need not be associated with the same TRP (or TCI state) – so re-using CORESETPoolIndex may not be sufficient. Therefore Option 1 is a natural solution of associating a TAG to a TCI-state/spatial-relation. In case, a TCI-state/spatial-relation is not associated with an uplink transmission, a CORESETPoolIndex can be used.
Proposal-2: Consider associating unified TCI States and UL-TCI States or spatial relation with a TAG

Initial TA acquisition

In RAN1#110, we reached the following agreement:
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)



We believe the starting point is to address the issue of PDCCH order RACH for TA acquisition. The more general case of UE triggered RACH can be discussed later.
For the case of intra-cell MTRP, PDCCH ordered RACH is already supported where a PDCCH can be transmitted from any TRP and the consequent RACH can be transmitted towards any TRP. In order to apply the TA in the RAR to the appropriate TAG, a TAG-id could be included in the RAR.
For the case of inter-cell MTRP, PRACH configurations for configured “additional” PCIs could be allowed. In addition, the PDCCH carrying the RACH order may need to indicate a particular “additional” PCI.

Proposal-3: For PDCCH ordered RACH for intra-cell MTRP, include a TAG-id to the RAR
Proposal-4: For PDCCH ordered RACH for inter-cell MTRP, configure RACH configurations for one or more “additional” PCIs. Indicate one “additional” PCI with the PDCCH ordered RACH

Downlink timing difference

In Rel-16 multi-DCI MTRP, we concluded the following:
	RAN1#95: Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows



We also note that corresponding to this assumption in LTE, RAN4 defined UE performance using timing offset [-0.5,2]us range as shown below. The timing offset includes base-station synchronization error and propagation delay difference. 0.5 us timing offset translates to 150m UE/gNB distance difference. Note that this is much tighter than the TDD synchronization requirement of 3us (for base-stations).   
[image: ]
Figure 1: DL MTRP reception with a CP for 15kHz translates to [-0.5,2]us max timing difference
Using the same principles, for 120 kHz SCS, if we limit MTRP reception to within the CP, the maximum timing difference at the UE becomes [-62.5, 250]ns which translates to only 19m distance difference. In the following we consider the following SLS assumptions:
	
	

	Scenario
	5G-UMa, 200m ISD, hex, outdoor only, 3 kmph

	Tx PSD
	33 dBm Tx power, 50 MHz BW

	BS panel
	BS: 1 XP panels (2 Tx ports), panel  8 x 4 x 2 elements 
30 dB F2B, 650 HPBW, 8 dBi gain, DFT beams 2x oversampling in H, 1x in V

	UE panel
	UE: 2 XP panels (2 Rx ports), each panel  2 x 4 x 2 elements
25 dB F2B, 900 HPBW, 5 dBi gain, DFT beams 2x oversampling in H, 1x in V

	HO margin
	2 dB

	Sync
	Ideal across TRPs



In the following figure we show that with the current reception assumption (of within a CP), a small fraction of UEs can only benefit from MTRP reception.  
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Figure 2: Rx timing difference at UEs that are MTRP eligible can be as large as +/-600ns, limiting it to [-62.5,250]ns would allow only 30% of eligible UEs to receive MTRP transmission 



 Proposal-5: Conclude to relax the assumption of DL MTRP reception within a CP, otherwise there is no practical use-case for 2-TA enhancement

Conclusion
In this paper, we discuss our view for two TAs for multi-DCI and summarize our proposals below:
Proposal-1: overlapping between two UL transmissions associated with two TAs is handled by reducing the duration of the second transmission until the maximum TA difference (as will be advised by RAN4). This does not apply to STxMP transmissions.
Proposal-2: Consider associating unified TCI States and UL-TCI States or spatial relation with a TAG
Proposal-3: For PDCCH ordered RACH for intra-cell MTRP, include a TAG-id to the RAR
Proposal-4: For PDCCH ordered RACH for inter-cell MTRP, configure RACH configurations for one or more “additional” PCIs. Indicate one “additional” PCI with the PDCCH ordered RACH
Proposal-5: Conclude to relax the assumption of DL MTRP reception within a CP, otherwise there is no practical use-case for 2-TA enhancement 
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