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Introduction 
During RAN1#82bis several discussions related to assistance information and control signaling led to agreements based on [1], regarding potential assistance information to be required for different MUST categories and different receiver types.  
To further progress on this subject, RAN1 should evaluate per parameter, possible ways of signaling/acquiring these parameters from perspective of near-UE (UEN) and far-UE (UEF), and depending on receiver type and MUST category. 
In this contribution we first present our view on such evaluation in section 2. In sections 3 and 4 we discuss two additional enhancements related to MUST operation which have still not been addressed.  That is, potential enhancements to support far-UE HARQ and potential enhancements to support far-UE operating CE. 
Evaluation of potential parameters  
 In this section we present our view per potential parameter, whether to be signaled via RRC, DCI or is it preferred/feasible to be blindly detected (BD) or blindly estimated. 
[bookmark: _Ref434165863]Table 1 - Potential information required for R-ML/SLIC receiver
	R-ML/SLIC
	parameters
	RRC
	DCI
	BD

	
	Existence/processing of MUST interference (per spatial layer if same beam restriction is applied) (3)
	No
Not flexible enough
	Yes
Explicit or implicit signalling. 
Two options: (1) per-spatial layer signalling, or (2) only indicate on MUST pairing. Then BD per spatial layer.    
	FFS (1) (2)


	
	Note (1)  with RA unknown or number of  paired UEs unknown, estimation is per-PRB and presents some performance degradation
Note (2): with additional parameters to be estimated (e.g. modulation order, power allocation), further performance degradation is expected  (36.866)
Note (3): For MUST category 3 if signalling of label-bit assignment is dynamic then no need for this indication

	
	Modulation order of MUST paired UE
	No
Not flexible enough
	Yes
  
	Yes
Can be estimated assuming all other parameters are known 
FFS (1)
Performance with other parameters unknown 

	
	Note (1)  with RA unknown or number of  paired UEs unknown, estimation is per-PRB and presents some performance degradation

	
	Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer)
	Yes
assuming power allocation ratio is semi-static per set of candidate paired UEs 
	Yes
However, may be wasteful if ratio is semi-static. 
Also, with several spatial layers at near UE, this may be large overhead 
	Yes
For DMRS based transmission schemes, can be estimated with different AP per UE
FFS(1)
For CRS based transmission scheme 

	
	Note (1): to be handled separately between legacy vs non-legacy far UE. For legacy, FFS gain by relying on PA  or QPSK restriction.    

	
	Resource allocation of MUST paired UE
	No
Not flexible enough
	Yes
	FFS 
If not same RA with 1 paired UE (1) for MUST category 3 
No 
With 2 paired UEs(2)  
Yes 
If same RA

	
	Note (1): possible ambiguity on interference presence 
Note (2): high-complexity detection problem 

	
	PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE)
	Yes
	Yes
	FFS
Whether cross-carrier scheduling is to be supported by a MUST paired UE. 
No
For DMRS RE mapping (see DMRS info below)

	
	DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
	Yes

	Yes
But if semi-static, perhaps too wasteful
	No
Too complex. 
FFS 
Whether should be coupled with near UE TM/AP. If possible, how to handle with 2 paired UEs

	
	Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
	Yes
	Yes
Can be through (1) explicit signalling or (2) DCI format detection, or (3) RRC signalling for TM and format detection for transmission scheme
	No
Complexity effort, and performance is FFS for cases where other parameters unknown 

	
	Precoding vector(s) of MUST paired UE (1)
	No
	Yes
	If imposing restriction of same vector 

	
	Note (1): For MUST category 3 same precoding vector is used. No need for signalling/detection



Observation #1: For R-ML/SLIC receiver, feasibility of performance with regard to blind detection is not clear.



Table 2 - Potential information required for CWIC (near-UE) receiver
	CWIC (near UE)
	parameters
	RRC
	DCI
	BD

	
	TBS of MUST paired UE
	No
	Yes
	No

	
	HARQ information of MUST  paired UE (1)
	No
	Yes
Can be 6-7 bits. An alternative is to detect this from far UE DCI 
	No
Not feasible
FFS 
If imposing restrictions on HARQ

	
	Note (1): RAN1 to study what is the gain compared to (1) CWIC without HARQ of paired UE, and (2) R-ML without HARQ of paired UE

	
	LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE
	Yes

	Yes
But if semi-static, perhaps too wasteful 
	No

	
	Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user
	Yes
For efficiency multiple values for set of candidate paired UEs could be sent
	No
Large overhead
	No
If coupling the RNTIs of paired UEs. However, this introduce further scheduling restrictions 



Observation #2: CWIC receiver requires additional parameters. None of them is relevant for blind detection. RRC signalling can be for better efficiency for some parameters

Table 3 - Potential information required for MMSE-IRC (far-UE) receiver
	MMSE-IRC (far UE)
	parameters
	RRC
	DCI
	BD

	
	Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
	Yes (1)
	Yes (1)

	FFS
If SNR conditions of far UE allow reliable BD

	
	Note (1): to be handled separately between legacy vs non-legacy far UE. Introducing new signalling (RRC/DCI) excludes legacy UEs as far-UEs. To support legacy UEs as well, it can be handled either via QPSK transmission or via PA signalling 



Observation #3: design aspect for DL signalling should take under consideration legacy (or non-MUST capable) UEs as part of MUST scheme  


[bookmark: _Ref434165875]Table 4 - Potental information required specifically for MUST category 3
	MUST Cat. 3
	parameters
	RRC
	DCI
	BD

	
	Modulation order of composite constellation
	No
	Yes
	Yes

	
	Bit allocation information of composite constellation
	Yes
In a similar way power-split could be sent via RRC 
	Yes
New DCI field or rely on MCS values signalled to near and far UE to derive the allocation
	No



With regard to signalling aspects, MUST scheme shares some similarities with NAICS scheme. During NAICS work item, RAN1 discussed for long time on the blind detection feasibility and signalling availability of parameters. Couple of observations should be mentioned with regard to this aspect -
1. For NAICS, the main limitation was inability to ensure reliability and flexibility to support dynamic signalling between eNB-eNB. This led to a signalling approach which is more UE BD oriented. For MUST, there is no such limitation as the source of interfering layer is from the same cell. So no specific reason to increase UE complexity and lose gain. 
2. Also, performance degradation for cell-edge UE (NAICS) is interpreted differently from system-level perspective, compared to cell-centre UE (MUST). 
Observation #4: MUST signalling is not restricted by inability to support dynamic signalling in terms of reliability and flexibility 
Potential enhancements to support far-UE HARQ 
For CWIC receivers, possible enhancement to improve receiver performance is to rely on HARQ operation for UEF. This takes some additional complexity required by UEN. 
· Soft buffer allocation for UEF HARQ 
· FFS whether allocated separately or not from UEN HARQ
· FFS to be supported for single/multiple paired UEs simultaneously 
· Assistance information (RV, HARQ ID, NDI)
· RV is anyway required for CWIC receiver. Overall this set requires 7 or 6 bits (TDD/FDD) and if required, possible alternative is to rely on detection of DCI of UEF 
In addition, for such operation to work properly, UEN not only needs to keep the physical context of UEF transmission but also to have an indication at any given subframe with which of the UEs it is being paired with. Such operation is depicted in Figure 1 
[image: ]
[bookmark: _Ref433881702]Figure 1 - processing flow at near UE to support far-UE HARQ
[bookmark: _GoBack]Proposal#1: RAN1 to evaluate the gain/complexity when supporting HARQ of far-UE. If found beneficial, to save overhead with additional information one option is to rely on DCI of far-UE.
Potential enhancements to support far-UE operating CE
As detailed in ‎[3] inclusion of UEs operating CE as part of MUST scheme presents too important advantages not to be overlooked:
· From NW side, supporting mass of UEs operating CE in a cell leads to poor spectral efficiency or degraded QoS towards these UEs. MUST scheme will allow the NW to improve these aspects while transferring the complexity to the near UEs.  
· From UEN side, receiver complexity can be much easier if considering a pairing to UE operating CE for a duration longer than TTI, as single transport block transmitted towards UEF in this case is spanned along multiple TTIs. In this sense, once detected by UEN this information can be re-used for subsequent TTIs. 
[image: ]
Figure 2 - Cell deployment with different types of MUST UEs
This takes some considerations – 
· Which assistance information (other than what in  Table 1 through Table 4) and how to convey it 
· In cases where UEF configured to frequency hopping inside system BW, how to allow UEN to keep the relevant information/assistance information but with dynamic on/off operation in case resource allocation does not overlap in some TTIs. 
· Considering narrowband operation of far UEs operating CE, How to maximize MUST gain in terms of given bandwidth for UEN (e.g. multiplex 2 UEs or more)
Proposal#2: RAN1 to evaluate the predicted gain when supporting far-UEs operating CE in terms of increased MUST pairing opportunity and spectral efficiency. Also to evaluate the complexity reduction from UEN perspective and required specification effort 
Conclusion 
In this contribution we reviewed potential enhancements required for MUST operation – to support signaling/detection of assistance information and to support operation with far-UEs HARQ operation and/or operation with coverage enhancements. We made the following observations – 

Observation #1: For R-ML/SLIC receiver, feasibility of performance with regard to blind detection is not clear.

Observation #2: CWIC receiver requires additional parameters. None of them is relevant for blind detection. RRC signalling can be for better efficiency for some parameters

Observation #3: design aspect for DL signalling should take under consideration legacy (or non-MUST capable) UEs as part of MUST scheme  

Observation #4: MUST signalling is not restricted by inability to support dynamic signalling in terms of reliability and flexibility 

Also, we made the following observations - 

Proposal#1: RAN1 to evaluate the gain/complexity when supporting HARQ of far-UE. If found beneficial, to save overhead with additional information one option is to rely on DCI of far-UE.
Proposal#2: RAN1 to evaluate the predicted gain when supporting far-UEs operating CE in terms of increased MUST pairing opportunity and spectral efficiency. Also to evaluate the complexity reduction from UEN perspective and required specification effort 
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