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Discussion and Decision
1
Introduction

In the previous 3GPP TSG RAN Meeting #71 a MUST WID [1] has been approved. According to the WID, a MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases:

CASE-1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 
CASE-2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

CASE-3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

Furthermore, the WID [1] has down-selected CASE-1 and CASE-2 schemes, operating on 2Tx, to MUST Category 2 only, i.e. same beam operation with Gray labelled super-constellation and RML receiver. 
In the previous RAN1 meeting #84bis the parameters which could be blind detected has been identified and LS has been sent to RAN4.  In this paper we discuss operation of MUST and potential signalling which might be required if RAN4 finds the blind detection infeasible or too complex.
2 
Dynamic operation of MUST
MUST WID [1] precludes standardization of CSI enhancements improving pairing probability of CASE-1 MUST. Therefore, eNB is expected to benefit from MUST CASE-1 only in very high load traffic conditions, where large number of users is available for pairing.  However, in high loads, eNB typically performs frequency selective scheduling and serves UEs on their preferred sub-bands. Table 1 shows the CDF of number of scheduled user in a single subframe with ~74% RU with 2x2 SU-MIMO, 0.5MB file and frequency-selective CQI feedback and wideband PMI. It shows that up to 8UEs can be scheduled simultaneously in a single subframe in SU-MIMO, and further users could be served opportunistically on top in MUST CASE-1 to 3.  
Table 1 CDF of number of scheduled UEs within single subframe

	Number of scheduled UEs
	0
	1
	2
	3
	4
	5
	6
	7
	8

	CDF
	0.241284
	0.612041
	0.827877
	0.928744
	0.977631
	0.99549
	0.999662
	0.999983
	1


Figure 1 illustrates a scheduling example of 6 UEs which is probable already with 74% RU and SU-MIMO, and would be even more probable with 80-85% RU, where MUST SI identified the most of the MUST gains. In the example in Figure 1 a PF MUST CASE-1 scheduler schedules 6 users on total 5 sub-bands. Far and near-UEs #1, #2 reported the same wideband PMI-1 and Far- and Near-UEs #3 reported PMI-2. Far-UE #3 ran out of buffer and therefore is not scheduled on SB#4. 

[image: image1.emf]Near-UE 1

Far-UE 1

Near-UE 3

Far-UE 3 Far-UE 2

Near-UE 2

SB#1 SB#2 SB#3 SB#4 SB#5


Figure 1 Scheduling example of 6 UEs within the same subframe
This fully flexible example presented above is optimal from PF point of view. The required assistance for this full flexible example with and without Far-UE restricted to QPSK is summarized in Table 2.  
Table 2 Required assistance (signalling or blind detection)

	User
	Required assistance Case 1 - 3
	QPSK at Far UE Case 1-2

	Near-UE 1
	MO, power ratio, PMI/port, RA of Far-UE #1 and Far-UE #2
	power ratio, RA of Far-UE #1 and Far-UE #2

	Near-UE 2
	MO, power ratio, PMI/port of Far-UE #2
	power ratio of Far-UE #3

	Near-UE 3
	MO, power ratio, PMI/port, RA of Far-UE #3
	power ratio, RA of Far-UE #3

	Far-UE 1
	MO, power ratio, PMI/port of Near-UE #1
	-

	Far-UE 2
	MO, power ratio, PMI/port, RA of Near-UE #1 and Near-UE #2
	-

	Far-UE 3
	MO, power ratio, PMI/port  of near-UE #3
	-


The additional knowledge of paired-UE(s) resource allocation (RA) is required in some cases for flexible scheduling. RA typically consists of 10-20 bits and would result in large signalling overhead. However, RA signalling could be replaced by interference presence blind detection per PRB or PRG if it is found feasible by RAN4. 

Alternatively, scheduling restrictions could be imposed at the eNB aligning RA, power-offset, PMI/port and MO of Far-UE(s) across the whole allocation of Near-UE. This obviously gives simplified signalling but as well to sub-optimal system performance. TM5 is an example of transmission mode, where allocations of paired UEs have to be aligned, being one of the reasons why TM5 MU-MIMO is not utilized in the current LTE networks.
Proposal-1: Consider flexible dynamic operation of CASE1-3 MUST and SU-MIMO.  

3 
Signalling schemes for MUST
In the previous meeting four signalling options for Case 1-2 MUST have been discussed in [2]. These four options can be summarized as follows:
1. Near-UE obtains Far-UE’s parameters in its own newly designed DCI format.
2. Near-UE obtains Far-UE’s parameters in its own DCI, using legacy format, by redefining the bits.
3. Near-UE decodes two DCIs, own DCI and new DCI format containing the parameters of Far-UE(s).
4. Near-UE decodes own DCI and overhears DCIs of paired Far-UE(s).
While signalling option 4 is not introducing any additional control overhead, it introduces high additional complexity. In LTE, there is a common search space CSS (6 candidates) and user-specific search space USS (16 candidates). And as name implies, USS is different for each UE and UE needs to perform 16+16 blind decodes for short and long DCI format. Therefore, it does not seem feasible to mandate near UE to total 64 USS blind decodes, searching as well for Far-UE’s DCI. Furthermore, reduction of number of candidates within each USS would cause scheduling restrictions, because MUST operates in high load conditions. In addition, Near-UE would need to know paired Far-UE RNTI+CRC (16bits) and this will either increase control overhead or restrict pairing to be semi-static only. 
Observation-1: Near-UE overhearing far-UE’s DCI is the least attractive signalling option.
On the other side, options 1-3 could be further studied. However, we think that for flexible operation of MUST CASE1-3, providing necessary assistance information (NAI) of interfering layers in a separate DCI would be the most attractive signalling option, especially if UEs can decode this assistance DCI with low effort. The DCI of near-UE could then contain only links to the relevant NAIs within the assistance DCI and given the set of NAIs it could perform interferer’s presence detection per PRB or RBG. Alternatively, if a given UE1 interferes only a single victim UE2, its NAI could be glued to a victim UE2’s DCI. Consequently, the victim UE2 needs to blind detect on which resources this UE1 interferes. These two mentioned signalling alternatives have following advantages: 1) decrease significantly blind detection complexity at the UE, because only interference presence detection is required, 2) keep complexity of DCI blind detection low and 3) keep additional signalling overhead low.
Figure 2 shows an example, where each of three Near-UEs is paired with different pair of Far-UEs. The Near-UE DCI is extended with additional information (red color) linking the relevant paired Far-UE NAIs within the common assistance DCI. 
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Figure 2 CASE1/2 signalling example showing linkage between near-UE and relevant far-UE parameters within common assistance DCI. 

While signalling options are further discussed in RAN1, any decisions on MUST signalling should be avoided until RAN4 identifies which parameters and with what granularity can be blind detected and at what complexity cost.   

Proposal-2: RAN1 should avoid any decisions on signalling before obtaining feedback from RAN4.

4
Conclusions

In this contribution we have been presenting views with respect to the MUST operation and signalling. The following observations and proposals can be summarized:
Proposal-1: Consider flexible dynamic operation of CASE1-3 MUST and SU-MIMO.  
Observation-1: Near-UE overhearing far-UE’s DCI is the least attractive signalling option.
Proposal-2: RAN1 should avoid any decisions on signalling before obtaining feedback from RAN4.
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