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In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with multi-TRP enhancements: 
3. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
In this contribution, the fourth aspect, i.e., HST-SFN enhancement as part of multi-TRP support, is discussed in detail.
Enhancement for DL-only transmission
The DL operations under HST-SFN deployment scenario relies on Rel-16 eMIMO multi-TRP based URLLC Scheme 1c with a single DCI. The agreement regarding Scheme 1c is as follows:
Agreement by Email Discussion [96-NR-09]
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
·         Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
§  Scheme 1c: 
·         One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.

Based on Scheme 1c, the Rel-17 HST-SFN may operate according to the following manner:
· Network configuration
Multiple TRPs are connected with ideal backhaul with the same cell ID to serve UEs on HST. 
· SSB configuration
In principle, some TRPs may not need to transmit SSB and transmission of TRP-specific TRS may be sufficient for data transmissions, but since the distances between the TRPs are usually a few hundred meters, it may be desirable to have all TRPs transmit SSBs to cover the entire range. So generally, each TRP can transmit a SSB associated with the common cell ID. The SSB may be the same for some or all TRPs (i.e., SFN for SSB) or TRP-specific SSBs; however, as the SSBs are transmitted directionally along the HST directions, i.e., with different beams, generally the SSBs should be TRP-specific SSBs.  
· TRS configuration
There may be two options for TRS pre-compensation for Doppler shifts:
· Option 1 TRS design: no or little pre-compensation for Doppler shifts, with TRP-specific TRS
For this option, the TRPs are synchronized, and they transmit in a synchronized fashion without pre-compensation for Doppler shifts. Then UE sees different Doppler shifts for different TRSs, i.e., the TRS are TRP-specific. Based on the TRS, a UE can estimate TRP-specific Doppler shift. Note that different TRPs have significantly different Doppler shifts for HST.
Each TRP-specific TRS can be QCLed (Type C, and for FR2, also Type D) to the corresponding TRP-specific SSB.
· Option 2 TRS design: with pre-compensation for Doppler shifts, and SFN for TRS from different TRPs
For this option, the TRPs are synchronized, and they transmit in a synchronized fashion with sufficient pre-compensation for Doppler shifts. Then UE sees nearly the same Doppler shifts for different TRSs, and therefore the TRSs can form a SFN. Based on the TRS, a UE can estimate residual Doppler shift if needed. 
The TRS can be QCLed to one or more of the SSBs.
· PDSCH DMRS configuration
Multiple TRPs transmit the same PDSCH (and possibly PDCCH) on the same time-frequency resources, forming a SFN essentially based on Scheme 1c.
Note that each TRP can transmit all layers (say L layers), i.e., all TRPs (say n TRPs) transmit all L layers of the same TB/codeword. This is a straightforward generalization of the one layer in Rel-16 Scheme 1c. Note also that the SFN is possible thanks to the ideal backhaul among the TRPs.
There are two options for the DMRS for PDSCH:
· Option A: SFN DMRS port(s) for all TRPs
For this option, the UE receives L DMRS ports, and each DMRS port corresponds to a layer from all TRPs. In other words, each DMRS port is formed by the SFN of all TRPs. The DMRS port needs to be simultaneously QCLed to the TRSs: 
· Option A-1: SFN DMRS port(s) QCLed to TRP-specific TRS
The SFN DMRS needs to be associated with multiple TCI state indices, each TCI state index specifies a QCL relation to the TRP-specific TRS of a TRP. QCL Type A (Doppler shift, Doppler spread, average delay, delay spread) can be specified in the TCI state. 
An example of the QCL configuration for the DMRS port(s) is:
	TCI state 1: QCL A, TRS 1 (for TRP 1)
	TCI state 2: QCL A, TRS 2 (for TRP 2)
	…
	TCI state n: QCL A, TRS n (for TRP n)
· Option A-2: SFN DMRS port(s) QCLed to SFN TRS
The SFN DMRS can be associated with one TCI state index, which specifies a QCL relation to the SFN TRS of TRPs. QCL Type A (Doppler shift, Doppler spread, average delay, delay spread) can be specified in the TCI state. 
An example of the QCL configuration for the DMRS port(s) is:
	TCI state: QCL A, TRS (for all TRPs)
· Option B: TRP-specific DMRS ports
For this option, the UE receives nxL DMRS ports. The nxL ports can form L sets, each set containing n ports associated with a same layer from the n TRPs. The nxL ports can also form n groups, each group containing L ports associated with a same TRP for the L layers (a group could be a CDM group). Likely the L ports for the same TRP can be a CDM group, but ports for different TRPs should be orthogonalized in time/frequency/sequence domain. This option works only with Option 1 TRS design with TRP-specific TRSs.
Note that though the WID does not list Option B as an example, it is not precluded.
An example of the QCL configuration for the DMRS ports is:
	1st group of L DMRS ports: TCI state 1: QCL A, TRS 1 (for TRP 1)
	2nd group of L DMRS ports: TCI state 2: QCL A, TRS 2 (for TRP 2)
	…
	nth group of L DMRS ports: TCI state n: QCL A, TRS n (for TRP n)

From the above description, we can see that the following issues need to be addressed in Rel-17:
· Decision on supporting TRS/DMRS options, e.g, Option A (Option A-1 and Option A-2) and/or Option B.
Option A has a lower DMRS overhead but the channel estimation on the DMRS with a composite channel from all TRPs may be more complicated and less accurate than Option B. Especially Option A-1 channel estimation may be challenging. The tradeoff should be studied in Rel-17 and an agreement is needed which one or both should be supported.
· Specify UE behavior/assumption
For either options, UE assumption and minimum UE behavior (if any) need to be specified. For example, for Option A, the UE needs to assume the channel on a DMRS port is a composite channel, a superposition of individual channels associated with the TRSs. For Option B, the UE needs to assume the channel for PDSCH is a composite channel, a superposition of individual channels associated with the corresponding n DMRS ports.
We have the following proposal:
Proposal 1: Support multi-TRP SFN for PDSCH QCLed to TRS
· FFS Same SFN DMRS port(s) for all TRPs and/or TRP-specific DMRS ports
· FFS Same SFN TRS port(s) for all TRPs and/or TRP-specific TRS ports
· FFS TCI design generalization, UE assumption, and minimum UE behaviour

UL-DL QCL
In order for the network to apply Doppler shift pre-compensation value for each TRP before transmitting the SFN PDSCH, the UE may need to transmit SRS to each TRP, and the SRS may be based on the Doppler shift the UE experiences for that TRP in DL. This may require the UL signal and DL signal to be associated, e.g., with respect to the Doppler shift. This can be fit into the generic QCL framework, i.e., the UL/DL signals can be defined as QCLed. In addition, defining the UL/DL signal relation as QCL has a significant advantage, as the QCL/TCI information can be signaled to a UE in a dynamic fashion via DCI, which offers much higher flexibility in a dynamic network deployment scenario (such as a HST) than using RRC/MAC based signaling framework. An example of the UL/DL signal QCL framework was suggested in Rel-16 (see below) and can be the starting point for further discussion.
As the WID states “Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation …”, the details of how to define/refine the QCL framework can be considered after the evaluation concludes.
For information, the Rel-16 suggested UL/DL TCI/QCL framework is as follows:
Agreement@RAN1#97
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]
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In this contribution, we discussed Rel-17 SFN-HST enhancements. The following are proposed:
Proposal 1: Support multi-TRP SFN for PDSCH QCLed to TRS
· FFS Same SFN DMRS port(s) for all TRPs and/or TRP-specific DMRS ports
· FFS Same SFN TRS port(s) for all TRPs and/or TRP-specific TRS ports
· FFS TCI design generalization, UE assumption, and minimum UE behaviour
Proposal 2: FFS a unified TCI/QCL framework that also incorporates UL/DL signal relations and can provide high flexibility and fast response capability to networks such as HST.

