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Introduction
RAN4 sent an LS to RAN1 on required DCI signalling for the advanced receiver on MU-MIMO scenario as follows [1].
	Within the Release 18 work item on NR demodulation performance evolution (NR_demod_enh3), RAN4 has studied the required signalling overhead for the advanced receiver to cancel inter-user interference for MU-MIMO. 2 candidate advanced receivers, E-MMSE-IRC and R-ML, are included in the study.
Based on RAN4’s evaluation, RAN4 observes that R-ML receiver can achieve better performance in most scenarios. To enable the implementation of R-ML receiver within feasible complexity, RAN4 has agreed that it is beneficial to have DCI based network assistant signalling to know the essential information related to the interfering layers associated with the co-scheduled UE(s).

	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has same DMRS sequence as target UE exists

	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have QPSK scheduled

	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 16QAM scheduled

	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 64QAM scheduled

	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 256QAM scheduled

	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 1024QAM scheduled

	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist

	7
	Others



(1) The existence of MU-MIMO DCI signalling is configured by RRC signalling.
(2) The field is intended to be included in a DCI which can be based on the format 1_1.


In this contribution, we present our views on the potential RAN1’s reply to the above required DCI signalling from RAN4.
Discussion
Intuitively, it is sufficient to introduce a 3-bit DCI field for delivering the network assistant information in terms of interfering layers associated with the co-scheduled UE(s) for R-ML receiver in the MU-MIMO scenario. Nevertheless, we think the following questions need to be confirmed to RAN4 in advance.
· 
First, with regards to the terminology of “the same DMRS sequence” in the content of indexes 1-6, its exact definition is ambiguity according to the current specifications. To our understanding, “the same DMRS sequence” can be explained as: (i) the same root sequence  of DMRS that specified in [clause 6.4.1.1.1, TS 38.211], or (ii) the same intermediate quantity  of DMRS that specified in [clause 6.4.1.1.3, TS 38.211]. The differentiation between interpretations (i) and (ii) is that whether DMRS is proceeded with precoding and mapping to physical resource, this should be figured out in RAN1 in terms of the content of indexes 1-6 for the upcoming design of the DCI field.
· Second, the content “Others” of index 7 is quite agnostic, especially in NW side. From RAN1’s point of view, it can be interpreted as two different information: (i) any case other than that of indexes 0-6, or (ii) none of information is indicated to UE side, i.e., the corresponding codepoint is reserved. From the perspective of DCI signaling design, the former interpretation means the codepoint of index 7 shall be used for this information indication, the latter one will lead to that the codepoint of index 7 needs to be reserved, instead. Therefore, further explanation from RAN4 with respect to the content “Others” of index 7 is deemed necessary.
· Third, note that this field is intended to be included in DCI format 1_1 as the aforementioned requirement from RAN4, the question is that whether this field should be introduced in DCI format 1_2 in addition. In general, the common understanding is that DCI format 1_2 mainly aiming for the scenario of URLLC traffic, and MIMO features (i.e., MU-MIMO) of eMBB traffic can be broadly enabled to URLLC traffic. Taking this point into consideration, it is natural to introduce this field in DCI format 1_2 as well for R-ML receiver optimization in MU-MIMO.
In light of the above, we think the three questions should be answered by RAN4 to avoid any ambiguity for the design of this DCI signalling. Hence, we propose that:
Proposal 1: The following questions need to be answered from RAN4 to introduce the DCI signalling as required from RAN4’s LS in R4-2309895.
· 
Question 1: What is the exact meaning of the terminology “the same DMRS sequence” in the content of indexes 1-6? For example, it is either (i) the same root sequence  of DMRS that specified in [clause 6.4.1.1.1, TS 38.211], or (ii) the same intermediate quantity  of DMRS that specified in [clause 6.4.1.1.3, TS 38.211].
· Question 2: How to understand the content “Others” of index 7? For example, it is either (i) any case other than that of indexes 0-6, or (ii) none of information is indicated to UE side and then this codepoint is reserved.
· Question 3: Whether this field needs to be introduced in DCI format 1_2 in addition?
Although the above questions may need to be solved with RAN4 first, the prototype of this 3-bit DCI field can be reached upon the current RAN4’s LS. More precisely, the following is an example to fulfill this prototype according to RAN1’s specification (i.e., TS 38.212):
-	R-ML receiver assistant 
-	3 bits according to Table 7.3.1.2.2-[X] when [RRC signalling] is configured.
-	0 bit otherwise. 
Table 7.3.1.2.2-[X]: R-ML receiver assistant information
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has [same DMRS sequence] as target UE exists

	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have QPSK scheduled

	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 16QAM scheduled

	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 64QAM scheduled

	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 256QAM scheduled

	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 1024QAM scheduled

	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has [the same DMRS sequence] as the target UE, if the co-scheduled UE(s) exist

	7
	Others


To facilitate the design of RAN4 required DCI field signalling for R-ML receiver on MU-MIMO scenario, we propose that:
Proposal 2: The following can be taken as the start point for the design of RAN4 required DCI field signalling in terms of R-ML receiver on MU-MIMO scenario.
-	R-ML receiver assistant 
-	3 bits according to Table 7.3.1.2.2-[X] when [RRC signalling] is configured.
-	0 bit otherwise; 
Table 7.3.1.2.2-[X]: R-ML receiver assistant information
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has [same DMRS sequence] as target UE exists

	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have QPSK scheduled

	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 16QAM scheduled

	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 64QAM scheduled

	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 256QAM scheduled

	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 1024QAM scheduled

	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has [the same DMRS sequence] as the target UE, if the co-scheduled UE(s) exist

	7
	[Others]


Conclusion
For the questions of 2TA for multi-DCI multi-TRP in the LS from RAN2, we have the following proposals.
Proposal 1: The following questions need to be answered from RAN4 to introduce the DCI signalling as required from RAN4’s LS in R4-2309895.
· 
Question 1: What is the exact meaning of the terminology “the same DMRS sequence” in the content of indexes 1-6? For example, it is either (i) the same root sequence  of DMRS that specified in [clause 6.4.1.1.1, TS 38.211], or (ii) the same intermediate quantity  of DMRS that specified in [clause 6.4.1.1.3, TS 38.211].
· Question 2: How to understand the content “Others” of index 7? For example, it is either (i) any case other than that of indexes 0-6, or (ii) none of information is indicated to UE side and then this codepoint is reserved.
· Question 3: Whether this field needs to be introduced in DCI format 1_2 in addition?
Proposal 2: The following can be taken as the start point for the design of RAN4 required DCI field signalling in terms of R-ML receiver on MU-MIMO scenario.
-	R-ML receiver assistant 
-	3 bits according to Table 7.3.1.2.2-[X] when [RRC signalling] is configured.
-	0 bit otherwise.
Table 7.3.1.2.2-[X]: R-ML receiver assistant information
	Bit field mapped to index
	Content

	0
	No co-scheduled UE(s) which has [same DMRS sequence] as target UE exists

	1
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have QPSK scheduled

	2
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 16QAM scheduled

	3
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 64QAM scheduled

	4
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 256QAM scheduled

	5
	In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has [the same DMRS sequence] as the target UE, have 1024QAM scheduled

	6
	Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has [the same DMRS sequence] as the target UE, if the co-scheduled UE(s) exist

	7
	[Others]


[bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref446507216]References
R1-2306361 (R4-2309895), LS on required DCI signalling for advanced receiver on MU-MIMO scenario



oleObject1.bin

image1.wmf
()

rn


oleObject2.bin

oleObject3.bin

