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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 HST-SFN enhancements: 
3. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
…
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, HST-SFN enhancement as part of multi-TRP support, is discussed in detail, based on the agreements achieved during RAN1#102-e meeting.

HST-SFN transmission schemes
Regarding the potential HST-SFN transmission schemes that characterize the relationship among relevant signals/channels, the following have been agreed:
Agreement
For the discussion purpose consider the following categorization of the enhanced DL transmission schemes
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner
Agreement
Study the following aspects of the enhanced transmission schemes:
· For scheme 1: 
· Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH
· Whether more than 2 QCL/TCI states are required and corresponding signaling details 
· Whether and how to indicate scheme 1 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· QCL relationship between TRS and DMRS ports
· Note: Other schemes/aspects are not precluded
· For scheme 2:
· [bookmark: _Hlk53580158]Association of each MIMO layer of PDSCH to DM-RS antenna ports
· Whether more than 2 QCL/TCI states are required and corresponding signaling details
· Whether and how to indicate scheme 2 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· Note: Other schemes/aspects are not precluded

Further analysis is provided below.
· Clarification of the target DL physical channels and schemes
There were discussions on which DL channel(s) the schemes are to be applied. For example, Scheme 1 may be considered for PDSCH only or PDSCH + PDCCH. However, we could consider to separate these into the following sub-schemes:
· Scheme 1 with PDxCH, including 
· Sub-scheme 1a: Scheme 1 with PDCCH
[bookmark: _Hlk53754855]For this sub-scheme, the TRSs are TRP-specific and separate, but the PDCCH DMRS forms SFN. Each PDCCH candidate and its DMRS are associated with two TCI states simultaneously. This is basically the Alt1-1 SFN scheme (1 CORESET and 2 simultaneous TCI states) under study of M-TRP non-PDSCH (see, e.g., [1]), and can be studied there.
· Sub-scheme 1b: Scheme 1 with PDSCH
For this sub-scheme, the TRSs are TRP-specific and separate, but the PDSCH DMRS forms SFN. Each PDSCH and its DMRS ports are associated with two TCI states simultaneously.
· Scheme 2 with PDxCH, including 
· Sub-scheme 2a: Scheme 2 with PDCCH
For this sub-scheme, the TRSs are TRP-specific and separate, and the PDCCH DMRS ports are TRP-specific and separate, but the PDCCH forms SFN. For each PDCCH candidate, two sets of DMRS ports are configured, and each set of DMRS ports is associated with one of the two TCI states which links the set of DMRS ports to the associated TRP-specific TRS. To decode the PDCCH, the UE needs to utilize both sets of DMRS ports.
· Sub-scheme 2b: Scheme 2 with PDSCH
For this sub-scheme, the TRSs are TRP-specific and separate, and the PDSCH DMRS ports are TRP-specific and separate, but the PDSCH forms SFN. For each PDSCH, two sets of DMRS ports are configured, and each set of DMRS ports is associated with one of the two TCI states which links the set of DMRS ports to the associated TRP-specific TRS. To decode the PDSCH, the UE needs to utilize both sets of DMRS ports.
The sub-schemes can be combined based on network/UE implementations. Though it is generally natural to use the same scheme for both PDCCH and PDSCH, the standards may not need to mandate that. Thus, RAN1 can consider all four sub-schemes if no complexity issues are raised.
With regard to	Scheme 1 vs Scheme 2, Scheme 1 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 Scheme 2. In other words, the schemes can be used to achieve different tradeoffs, and hence may be preferred under different scenarios. To provide sufficient flexibility in standards, both schemes should be supported.
· Whether more than 2 QCL/TCI states are required
[bookmark: _Hlk54100359]HST-SFN can be very effective in reducing handover and related overhead and help smooth the UE experience in HST. To potentially further enhance the UE experience and always benefit from at least 2 TRPs (rather than entering a temporary single-TRP operation mode when one of the TRPs is out of the coverage), it may be preferred by the network and UE to maintain connections with 3 TRPs or even more. Of course to enable this, the UE may need to have a capability to support for maintaining n QCL/TCI states at the same time, where n >= 3. On the other hand, it seems in general 2 QCL/TCI states are already sufficient for most scenarios.
· Scheme 1: QCL relationship between TRS and DMRS ports
[bookmark: _Hlk54100844]Each TRP can transmit all layers (say L layers), i.e., all TRPs (say n TRPs, i.e., n is the number of QCL/TCI states configured/activated for the UE) transmit all L layers of the same TB/codeword. This is a straightforward generalization of the one layer in Rel-16 Scheme 1c. 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. 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. UE assumption and minimum UE behavior (if any) need to be specified. For example, the UE needs to assume the channel on a DMRS port is a composite channel, a superposition of individual channels associated with the TRSs. This may also be captured as a new QCL assumption to cover the case that each TRS may have significantly different doppler shifts.
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)

·  Scheme 2: Association of each MIMO layer of PDSCH to DM-RS antenna ports
[bookmark: _GoBack]For this scheme, 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). The L ports for the same TRP may be in a CDM group, but ports for different TRPs should be orthogonalized in time/frequency/sequence domain. UE assumption and minimum UE behavior (if any) need to be specified. For example, the UE needs to assume the channel for PDSCH (or PDCCH) is a composite channel, a superposition of individual channels associated with the corresponding n DMRS ports. This may also be captured as a new QCL assumption.
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)

· Scheme differentiation and indication
A HST-capable UE needs to operate under different environments, such as on a HST operating on a SFN scheme (Scheme 1 and/or Scheme 2), or off a HST operating on a single-TRP mode or multi-TRP mode. The schemes need to be differentiated and indicated to the UE to avoid ambiguity and errors. At least the following potential schemes should be differentiated:
· Sub-scheme 1a: Scheme 1 with PDCCH
This requires proper CORESET configuration/activation and can be considered in M-TRP PDCCH enhancement [1].
· Sub-scheme 1b: Scheme 1 with PDSCH
This can be configured to the UE via RRC configuration signaling, or activated for the UE via MAC CE, or by default to be the same as the PDCCH operation scheme (i.e., if the PDCCH is using Scheme 1, then the PDSCH shall also use Scheme 1), or relies on PDCCH indication with PDCCH decoding delay (according to the standardized application delay of the minimum PDSCH scheduling offset restriction). These different approaches have different levels of complexity and flexibility, and can be considered in RAN1.
To tell this scheme apart from other schemes in a signalling to UE, a PDSCH DMRS port is configured/activated to be associated with 2 TRSs at the same time, i.e., 2 TCI states. To distinguish Sub-scheme 1b from Sub-scheme 2b, note that Sub-scheme 1b is configured/activated with only one set of DMRS ports (e.g., one antenna port(s) field in DCI, and one group of antenna port(s) indicated by DCI or other signalling), and each ports is associated with 2 TCI states (e.g., two TCI fields in DCI, two TCI states in MAC, etc.), whereas Sub-scheme 2b is configured/activated with two sets of DMRS ports (e.g., two antenna port(s) fields in DCI or other signalling, or two groups of antenna port(s) indicated by DCI or other signaling), and each set is associated with only one TCI state (e.g., two TCI fields in DCI, two TCI states in MAC, etc.). That is, at least different DCI/MAC designs with different fields should be provided, or an operation type flag may be signalled in the DCI or MAC or RRC signalling.  To distinguish Sub-scheme 1b from non-SFN M-TRP schemes, different DCI types may be used, or alternatively a new field for the number of streams/layers (or equivalently, the number of DMRS ports per PDSCH stream/layer) is added to the DCIs. For Sub-scheme 1b, the number of layers is equal to the number of ports in antenna port field 1 (or group 1) and also equal to the number of ports in antenna port field 2 (or group 2), but for non-SFN SDM schemes, the number of layers is equal to the sum of all the numbers of ports.
· Sub-scheme 2a: Scheme 2 with PDCCH
To distinguish Sub-scheme 2a from Sub-scheme 1a, Sub-scheme 2a is configured/activated with each PDCCH DMRS port associated with only one of two TRSs, i.e., one QCL/TCI state, whereas Sub-scheme 1a is configured/activated with each PDCCH DMRS port associated with two TRSs, i.e., two QCL/TCI states.
· Sub-scheme 2b: Scheme 2 with PDSCH
How to distinguish this from other schemes is already covered above.
· Non-scheme 1 and non-scheme 2
This may include Rel-16 non-SFN M-TRP schemes, single TRP schemes, and so on. How to distinguish this from other schemes is already covered above.

We have the following proposals:
Proposal 1: Support four sub-schemes for HST-SFN:
· Sub-scheme 1a: Scheme 1 with PDCCH; 
· Sub-scheme 1b: Scheme 1 with PDSCH; 
· Sub-scheme 2a: Scheme 2 with PDCCH; and 
· Sub-scheme 2b: Scheme 2 with PDSCH.
Proposal 2: Support 2 QCL/TCI states, and FFS more than 2 QCL/TCI states (also subject to network configuration and UE capability).
Proposal 3: For Scheme 1, support extending Rel-16 Scheme 1c with multiple layers.
Proposal 4: For Scheme 2, support FDM/TDM of DMRS ports QCLed to different TRSs, and CDM for DMRS ports QCLed to the same TRS.
Proposal 5: The four sub-schemes and other relevant schemes can be differentiated via information on QCL/TCI states and transmission schemes carried in RRC configuration, MAC activation, DCI indication.

HST-SFN pre-compensation procedures
Regarding the potential HST-SFN pre-compensation procedures, the following has been agreed:
Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 

Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signaling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
· Note: Other aspects/schemes are not precluded

· QCL-like information for UE-assisted pre-compensation
[bookmark: _Hlk54103169]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 and possibly spatial filtering (i.e., beams). 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. 
To reduce UE complexity for estimating multiple Doppler shifts, it is preferred to simplify the UE behavior via transmitting one SRS towards the multiple TRPs and rely on the TRPs to estimate the Doppler shifts.
· TRS configuration related to pre-compensation
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. This TRS is needed for UE-assisted pre-compensation, and corresponds to the first set of TRS in the agreement.
· 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. This TRS can be directly used by the UE in the 3rd step. Thus, a second set of TRS resource(s) is beneficial in the 3rd step.

Proposal 6: Support UE transmitting SRS in the 2nd step for the network pre-compensation.
Proposal 7: Support both non-pre-compensated TRS (e.g., as the first set of TRS resource(s)) and pre-compensated TRS (e.g., as the second set of TRS resource(s) in the 3rd step).

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed Rel-17 SFN-HST enhancements. The following are proposed:
Proposal 1: Support four sub-schemes for HST-SFN:
· Sub-scheme 1a: Scheme 1 with PDCCH; 
· Sub-scheme 1b: Scheme 1 with PDSCH; 
· Sub-scheme 2a: Scheme 2 with PDCCH; and 
· Sub-scheme 2b: Scheme 2 with PDSCH.
Proposal 2: Support 2 QCL/TCI states, and FFS more than 2 QCL/TCI states (also subject to network configuration and UE capability).
Proposal 3: For Scheme 1, support extending Rel-16 Scheme 1c with multiple layers.
Proposal 4: For Scheme 2, support FDM/TDM of DMRS ports QCLed to different TRSs, and CDM for DMRS ports QCLed to the same TRS.
Proposal 5: The four sub-schemes and other relevant schemes can be differentiated via information on QCL/TCI states and transmission schemes carried in RRC configuration, MAC activation, DCI indication.
Proposal 6: Support UE transmitting SRS in the 2nd step for the network pre-compensation.
Proposal 7: Support both non-pre-compensated TRS (e.g., as the first set of TRS resource(s)) and pre-compensated TRS (e.g., as the second set of TRS resource(s) in the 3rd step).
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