3GPP TSG RAN WG1 Meeting #98
R1-1908783
Prague, CZ, August 26-30, 2019
Agenda Item:
7.2.8.2
Source: 
Sony

Title:
Considerations on Multi-TRP/Panel Transmission
Document for:
Discussion and Decision
1 Introduction
Until RAN1 #97 meeting, various aspects regarding multiple-PDCCH design have been discussed. 

The agreements so far can be categorized into PDCCH, PDSCH related design as follows.
Followings are overview of what’s agreed for multi-PDCCH design for DL traffic.
· PDCCH design
-The definition of multi-PDCCH is no dependency among multi-PDCCH. 
-RRC configuration for a CORESET corresponding to TRP
-5 CORESET in a PDCCH config.
-1 or 2 TCI state per TCI code point.
· PDSCH design
-For PDSCH restriction/constraint

Non-overlap/partially overlap/full overlapping


DMRS restriction
-For separate ACK/NACK

Codebook, joint HARQ-ACK feedback
-Different scramble sequence
-Codeword for each PDSCH is up to 2.
We think there are many cases where the PDCCH/PDSCH design can reuse/slightly modify existing specification mechanism. But the QCL design requires developing new mechanisms because the enhanced multi PDCCH design for multi TRP/Panel affects the QCL design directly. In #Adhoc1901 meeting, following agreement indicated TCI indication frame work shall be enhance in Rel16. But we think that the enhancement regarding QCL/TCI indication framework so far is not enough.
#Adhoc1901
	Agreement

TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 

· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· FFS design for DMRS type 2

· FFS: TCI field in DCI, and associated MAC-CE signaling impact




 In this contribution, we consider essential QCL design enhancements especially for multi-DCI design.
2 Discussion
2.1  Default QCL for multiple PDCCH in intra multi-TRP/Panel scenario
In the #96 meeting, following agreement was made to link multiple PDCCH/PDSCH pairs with multiple TRP.

The agreement makes it possible that the UE can recognize an association between monitoring PDCCH and corresponding TRP. We think similar issue exist in SSB monitoring.

#96
	Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2




In this contribution, we address an issue regarding default QCL for multiple PDCCH in the intra-cell environment (same cell ID). To receive multiple PDCCH from multiple TRP/panels, the UE needs to know suitable RX antenna panel/RX beam. Each CORESET for a PDCCH needs to be associated with a RX antenna panel/RX beam. For the QCL, SSB is usually used as a source reference signal. In case of multiple TRP transmission in intra-cell scenario, in a half frame, there are SSBs indexed from 0 to L max-1.

In the L max SSBs, for example, the first part of the SSBs in a half frame is associated with the first TRP/Panel. The second part of the SSBs in a half frame is associated with the second TRP/Panel.   In Rel15 specification, Multiple TRP/Panels differentiation associated with the SSBs in a half frame for initial access are transparent to the UE (Figure 1).

Observation 1: Multiple TRP/Panels differentiation associated with the SSB burst in a half frame for initial access is transparent to the UE.
Rel15 TS38.213 Section 10.1
	For a CORESET other than a CORESET with index 0, if a UE has not been provided with a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET, or has received initial configuration of more than one TCI states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure. 
For a CORESET with index 0, if a UE has not received a MAC CE activation command for a TCI state, as described in [11, TS 38.321], the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with a SS/PBCH block the UE identified either during initial access or, if any, from a most recent random access procedure not initiated by a PDCCH order that triggers a non-contention based random access procedure.



In above specification, the default QCL for DMRS of PDCCH in a CORESET is associated with a SS/PBCH block in initial access. We think that multiple default QCL for multiple PDCCH is required for multi-PDCCH with multi intra TRP/Panel scenario. When only one default QCL is used for all default QCL for multiple PDCCH, antenna panel switching sometimes happen to take the default. Therefore, to prepare multiple default QCL for multiple PDCCH is important. To realize that, UE needs to know an association between a part of SSBs in a half frame and a TRP/Panel using RRC signaling.

Proposal 1: Support RRC signaling for multiple associations between a TRP/Panel and a part of SSBs in a half frame for intra multi-TRP/Panel scenario.
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Figure1 SSBs for the multi-TRP/Panel with same cell ID

In current specification, during initial access, UE can indicate UE’s preference of suitable SSB beam using frequency/time random access resources. There is no method to report multiple preferred SSB. To enhance efficient beam management, RAN1 should investigate how UE response with multiple SSBs during random access procedure.
Observation 2: Current Rel15 RACH resource association with beam may not be enough for the multi-TRP/Panel transmission. 
2.2  Default QCL for multiple PDSCHs
During Rel15 work, following specification regarding default QCL for PDSCH was made. But it doesn’t take multiple DCI from multi-TRP/Panels into account.
Rel15 TS38.214 Section 5.1.5

	For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.


As same as section 2.1, each DM-RS for PDSCH requires different default QCL because each DMRS/PDSCH may be received via different RX antenna panel/beam respectively. In rel15, the default QCL of DMRS for PDSCH is associated with the CORESET when dynamically indicated TCI by DCI is used. We think the yellow part should be modified for multi-PDCCH use case. Figure 2 is example. 
Proposal 2: For multiple PDCCH design in intra multi-TRP/Panel scenario, support RRC signaling for a link between a PDSCH and corresponding CORESET for default QCL.
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Figure2 default QCL for the PDSCH in multiple PDCCH when DCI for QCL is used
As for single PDCCH design, there is an issue regarding default QCL, one PDSCH may be received by same RX antenna panel/beam as the single PDCCH but the other PDSCH may be received by different RX antenna panel/beam of the single PDCCH. This is problem in not only intra TRP/Panel scenario but also inter TRP/Panel scenario (Figure 3).
Proposal 3: For single PDCCH design, support to configure dedicated default value associated with SSB/CSI-RS used in beam management, for the DMRS/PDSCH when DCI indication for QCL is used.
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Figure3 default QCL for the PDSCH in single PDCCH
2.3  UE processing to decide TCI  for multiple PDSCHs
In the #95 meeting following agreement was made. But there is no enhancement so far related to PDCCH/PDSCH processing/preparation timing(the yellow part). 
#95
	Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 

· Multiple PDCCH enhancements/restrictions, including following 

· #1: PDSCH scheduling restriction/indication, e.g. 

· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 

· no/partial/full PDSCH overlapping at T/F domains, considering 

· associated rate matching mechanism 

· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 

· PDSCH scrambling 

· #2: Configurations and monitoring of multiple PDCCH, e.g. 

· CORESET/search space configurations (including configuration details) for multi-TRP reception 

· The number of BD/CCE for multi-TRP reception  

· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 

· Associated DCI format/fields

· Applicability to non-ideal backhaul and ideal backhaul 

· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH


Regarding the PDCCH/PDSCH processing/preparation timing, following UE capability was specified during rel15 which is referred in TS38.214 section 5.1.5.
Rel15 TS38.306 Section 4.2.7.5
	timeDurationForQCL

Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.


We understand the time duration for QCL was prepared so that UE can change RX beam in UE side during the time duration between DCI and PDSCH. There are two kind of RX beam change. The first one is RX beam change which causes RX antenna panel change. The other is RX beam change which causes RX antenna panel change. The later one requires more preparation time for the RX beam change. To accommodate these two kinds of RX beam change, RAN1 should increase number of UE capability parameter for time duration for QCL.
For multiple PDCCH design, no overlap/partial overlap/full overlap PDSCH design was agreed. When full overlap case, the UE needs to change multiple RX beam simultaneously. For non-overlap PDSCH, UE may be able to  change the RX beam change one by one sequentially, at that time the UE may requires short the time duration to prepare RX beam change. 
To accommodate these various kinds of RX beam change condition, RAN1 should increase number of UE capability parameter for time duration for QCL.

Proposal 4: Increase number of UE capability parameter for time duration for QCL. 
3
Conclusions
In this contribution, the following proposals are made:
Observation 1: Multiple TRP/Panels differentiation associated with the SSB burst in a half frame for initial access is transparent to the UE.

Observation 2: Current Rel15 RACH resource association with beam may not be enough for the multi-TRP/Panel transmission. 
Proposal 1: Support RRC signaling for multiple associations between a TRP/Panel and a part of SSBs in a half frame for intra multi-TRP/Panel scenario.
Proposal 2: For multiple PDCCH design in intra multi-TRP/Panel scenario, support RRC signaling for a link between a PDSCH and corresponding CORESET for default QCL.

Proposal 3: For single PDCCH design, support to configure dedicated default value associated with SSB/CSI-RS used in beam management, for the DMRS/PDSCH when DCI indication for QCL is used.
Proposal 4: Increase number of UE capability parameter for time duration for QCL. 
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