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1. Introduction

At the RAN1 #87, the following agreements about mechanisms for efficient operation were reached for MUST WI. 
Agreement:

· MUST operation with RA alignment of interference within near-UE allocation is supported for cases 1 and 2

· single DCI by adding bits of wideband power ratio and interference presence in the self DCI is supported

· FFS case 3

· FFS MUST operation without RA alignment of interference within near-UE allocation is supported 

· two DCIs are supported

· FFS on content of two DCIs

· Aim for minimizing specification impact and reducing complexity

In this contribution, we describe our views on some remaining issues and signaling design for DL MUST focusing on Case 1 and Case 2 using up to 2 Tx CRS-based transmission schemes.
2. Transmission power allocation, PA, for MUST-paired UEs
Since transmission power allocation, PA, is signaled in user-specific manner, PA value may be different between MUST-paired UEs as shown in Fig.1.
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Figure 1 Transmission power allocation in non-MUST and MUST cases (just example)
In MUST, since the modulation order of composite signal constellation is equivalently higher than QPSK, PA value should be recognized by the MUST-near UE at least. For MUST-far UE, the situation is the same if an advanced interference canceller (e.g. NAICS, SU-MIMO) is employed. For this issue, we prefer to use higher layer signaling of PA for UE in MUST operating mode. 
Proposal 1. Introduce higher layer signaling of PA for UE in MUST operating mode.
3. Signaling design
3.1. Scheduling cases of MUST UEs
Interference alignment/non-alignment within near UE allocation
Signaling design is highly related to MUST scheduling scheme. At the RAN1 86bis meeting, a single DCI by adding bits of wideband power ratio and interference presence is supported for MUST operating UE with resource allocation (RA) alignment of interference, for MUST Case 1 and Case 2. 
However, for MUST operating UE without RA alignment of interference, the detail of signaling design is still under discussion. From our perspective, there are roughly three scheduling schemes as follows:
· Case 1: Fully resource alignment between near and far UE

· Case 2: Alignment of interference within near UE allocation, without resource alignment

· Case 3: Non-alignment of interference within near UE allocation, without resource alignment
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Figure 2. MUST scheduling schemes with different interference alignment cases (an example)
The case 1 as shown in Fig. 2 might be the simplest scheduling scheme. The resource assignment among the near and far UEs is aligned to reduce scheduling complexity and signaling overhead. In this case, assistance information can be signaled per UE manner, but the system performance could be degraded due to the lack of scheduling flexibility. On the other hand, the case 3 might be the most flexible scheme, and non-aligned resource assignment among the UEs and non-aligned interference within near UE allocation offer further scheduling flexibility. However, such a scheduling scheme causes a large amount of the signaling overhead because assistance information, e.g. interference presence, should be signaled per subband/RBG. In addition, these assumptions may increase the complexity of decoding process at the receiver side. The case 2 is a middle approach considering tradeoff between the performance and signaling overhead/receiver complexity. In this case, flexible resource assignment per subband/PRB is allowed, while interference presence within near UE allocation is aligned. Hence, signaling overhead can be reduced compared to the case 3, and the decoding complexity at the receiver side may be reasonable. The performance comparison between case 2 and case 3 is presented in subsection 3.2.
Proposal 2. Resource alignment among the near and far UEs is not necessary because such scheduling restriction does not help to reduce signaling overhead and degrades the MUST performance.
Rank alignment/non-alignment within near UE allocation

For a MUST operating UE with rank =2, there are two scheduling cases when different far-UEs are scheduled. As shown in Figure 3, in the case of rank alignment for far UEs, the ranks of all far-UEs scheduled in different subbands are the same, thus the scheduling complexity and signaling overhead can be reduced. While in the case of rank non-alignment for far UEs, although there is higher scheduling flexibility, it may result in the need for assistance information, e.g. interference presence per each subband/RBG, to be signaled for near UE. On the other hand, rank alignment of far UEs case is beneficial to facilitate alignment of interference within near UE without resource alignment, which has advantages of scheduling flexibility and reduced overhead/complexity. The performance with and without rank alignment is also shown in subsection 3.2.

[image: image3.emf]Far UE#2, 

Rank=1

Near UE#1, Rank=2

f

Far UE#1, 

Rank=1

f

Far UE#2, 

Rank=2

Near UE#1, Rank=2

Far UE#1, 

Rank=1

Rank alignment of far UEs

Rank non-alignment of far UEs


Figure 3. MUST scheduling schemes with different rank alignment cases (an example)

3.2. Performance evaluation
In this subsection, we compare performance of different scheduling cases with or without interference alignment, and different cases of rank alignment/non-alignment for far-UEs, with system-level simulation. The system-level simulations are conducted with MUST scenario 1 and evaluation assumptions in [2]. The detailed simulation parameters are shown in Table A-I in the Annex A. We assume 2 x 2 antenna configuration with SU-MIMO of TM4. Subband scheduling is assumed. The R-ML receiver is adopted for cell-center UE to deal with the inter-user interference. In the evaluations, full buffer traffic and FTP traffic model 1 are assumed. For full buffer traffic, the cell throughput and cell-edge user throughput are evaluated. The cell throughput is defined as the average aggregated throughput for users scheduled per a single cell, while the cell-edge user throughput is defined as the 5% value of the cumulative distribution function (CDF) of the user throughput. For FTP traffic model 1, performance metrics of FTP traffic, 5/50/95%, mean user perceived throughput (UPT) and mean UPT below 5% CDF are evaluated. In addition, ratio of served cell throughput over offered cell throughput is also provided.
Interference alignment/non-alignment within near UE allocation

Table 1: Performance comparison of MUST w/ and w/o alignment of interference presence for subband scheduling with full buffer traffic

	Throughput

(Mbps)
	Baseline
	Scheduling case 2

(w/ interference alignment)
	Scheduling case 3

(w/o interference alignment)

	
	
	MUST
	Gain
	MUST
	Gain

	Cell average
	23.7405
	26.3612
	11.04%
	25.4173
	7.06%

	Cell-edge
	0.5002
	0.5646
	12.87%
	0.551
	10.16%


Table 2: Performance comparison of MUST w/ and w/o alignment of interference presence for subband scheduling with FTP traffic (RU ~80%)
	Throughput

(Mbps)
	Baseline
	Scheduling case 2

(w/ interference alignment)
	Scheduling case 3

(w/o interference alignment)

	
	
	MUST
	Gain
	MUST
	Gain

	Mean UPT
	8.7677
	9.3672
	6.84%
	9.2400
	5.39%

	95%ile UPT
	29.6297
	30.7693
	3.85%
	30.7692
	3.85%

	50%ile UPT
	5.2980
	5.7555
	8.64%
	5.6738
	7.09%

	5%ile UPT
	0.9976
	1.0975
	10.01%
	1.0812
	8.38%

	Mean UPT below 5%
	0.6619
	0.7561
	14.23%
	0.7417
	12.06%

	RU (%)
	82.63%
	81.49%
	----
	81.79%
	----

	Served/Offered
	98.94%
	99.19%
	----
	99.18%
	----

	 / packet size
	13.5 / 100 Kbytes


Table 1 and 2 present the performance of MUST Case 1 with or without alignment of interference presence for full-buffer and FTP traffic. Subband scheduling and R-ML receiver are assumed. From the results in Table 1, it can be observed that both cell average and cell-edge performance of MUST with alignment of interference presence are slightly better than those without alignment of interference presence. Similar trend of performance with or without alignment of interference for non-full buffer traffic can be observed as shown in Table 2. For non-aligned interference case, a MUST operating UE can be scheduled as OMA or MUST paired UE on different subbands. It results in different transmission power levels on these subbands. Therefore, the received SINRs on different scheduled subbands of this MUST UE could be quite different due to different transmission power. It may cause mismatch of received SINRs and the selected wideband MCS, thus performance may degrade compared to that with alignment of interference. Furthermore, as analyzed above, MUST with non-alignment of interference presence may cause a large amount of the signaling overhead. It indicates that MUST with alignment of interference presence within near UE allocation is beneficial for MUST Case 1 and Case 2, in respects of signaling overhead, decoding complexity and system performance. Therefore, single DCI with assistance information bits of wideband power ratio and interference presence is sufficient for MUST Case 1 and Case 2.
Observation 1. Performance of MUST with alignment of interference presence are slightly better than those without alignment of interference presence for full buffer and non-full buffer traffic.

Proposal 3. MUST with alignment of interference presence within near UE allocation is beneficial for MUST Case 1 and Case 2, in respects of signaling overhead, decoding complexity and system performance.
Proposal 4. Single DCI with assistance information bits of wideband power ratio and interference presence is sufficient for MUST Case 1 and Case 2.

Rank alignment/non-alignment within near UE allocation

Table 3: Performance comparison of MUST w/ and w/o rank alignment of far-UE for subband scheduling with FTP traffic (RU ~80%)
	Throughput

(Mbps)
	Baseline
	MUST w/o rank alignment of far-UEs
	MUST w/ rank alignment of far-UEs

	
	
	MUST
	Gain
	MUST
	Gain

	Mean UPT
	8.7677
	9.3672
	6.84%
	9.3510
	6.65%

	95%ile UPT
	29.6297
	30.7693
	3.85%
	30.7693
	3.85%

	50%ile UPT
	5.2980
	5.7555
	8.64%
	5.7555
	8.64%

	5%ile UPT
	0.9976
	1.0975
	10.01%
	1.0960
	9.86%

	Mean UPT below 5%
	0.6619
	0.7561
	14.23%
	0.7547
	14.02%

	RU (%)
	82.63%
	81.49%
	----
	81.55%
	----

	Served/Offered
	98.94%
	99.19%
	----
	99.21%
	----

	 / packet size
	13.5 / 100 Kbytes


Table 3 provides the performance of MUST Case 1 with or without rank alignment of far-UEs for subband scheduling for FTP traffic. Interference alignment is assumed in the simulation. From the results in Table 3, it can be observed that mean UPT and 5% UPT are almost the same for either w/ rank alignment and w/o rank alignment of far-UEs. It indicates that rank alignment of far-UEs has negligible impact on the system performance for MUST Case 1/2. Therefore, transmission rank of far-UEs within near UE allocation should be aligned to reduce signaling overhead and complexity.
Observation 2. Rank alignment with far-UEs within the near UE allocation has negligible impact on the performance.

Proposal 5. For MUST Case 1 and Case 2, transmission rank of far-UEs within near UE allocation should be aligned to reduce signaling overhead and complexity.

4. Conclusion

In this contribution, we describe our views on some remaining issues and signaling design for DL MUST focusing on Case 1 and Case 2 using up to 2 Tx CRS-based transmission schemes. Our observations and proposals are summarized as follows:
Observation 1. Performance of MUST with alignment of interference presence are slightly better than those without alignment of interference presence for full buffer and non-full buffer traffic.

Observation 2. Rank alignment with far-UEs within the near UE allocation has negligible impact on the performance.

Proposal 1. Introduce higher layer signaling of PA for UE in MUST operating mode.
Proposal 2. Resource alignment among the near and far UEs is not necessary because such scheduling restriction does not help to reduce signaling overhead and degrades the MUST performance.
Proposal 3. MUST with alignment of interference presence within near UE allocation is beneficial for MUST Case 1 and Case 2, in respects of signaling overhead, decoding complexity and system performance.
Proposal 4. Single DCI with assistance information bits of wideband power ratio and interference presence is sufficient for MUST Case 1 and Case 2.
Proposal 5. For MUST Case 1 and Case 2, transmission rank of far-UEs within near UE allocation should be aligned to reduce signaling overhead and complexity.
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Annex A: Simulation assumption
Table A-I: Simulation parameters
	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m)

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU Uma

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	BS: 2Tx (0.5 lambda), cross-polarized
UE: 2Rx (0.5 lambda), cross-polarized 

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	minimum distance from macro-cell to UEs
	35 m

	Traffic model
	FTP: 0.1 MByte, RU= 80%

	UE receiver
	· MMSE-IRC is assumed for inter-cell interference suppression 
· R-ML for inter-spatial-layer 
· R-ML for inter-user interference

	Transmission  mode 
	TM4 

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	RSRP

	Handover margin
	3 dB

	Scheduling algorithm
	Proportional fairness maximization

	Control delay (scheduling, AMC)
	5 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	Granularity of CSI feedback 
	5 msec

	Granularity of rank adaptation
	100 msec

	CQI quantization 
	Yes

	Codebook
	LTE Rel. 8

	Power ratio sets
	Adaptive power ratios: 1/2/3 power sets, (α1, α2), α1={0.14, 0.17, 0.23}; 
Legacy power ratios: (α1, α2) for near and far UEs
· (QPSK, QPSK), (1/3, 2/3) rank 2-1, (1/5, 4/5) rank 1-1 and rank 2-2
· (16QAM, QPSK), (5/13, 8/13) rank 2-1, (5/21, 16/21) rank 1-1 and rank 2-2
· (64QAM, QPSK), (21/53, 32/53) rank 2-1, (21/85, 64/85) rank 1-1 and rank 2-2

	OLLA
	Yes

	Number of superposed signals in superposition transmission
	2

	Receiver impairment modeling for demodulation
	Non-ideal CRS-based channel estimation

	EVM
	Tx EVM: 8%, UE Rx EVM: 4%

	Duration of simulation 
	50000 msec (5000 pre-run + 45000 simulation)

	Maximum transfer time (T_drop)
	1.6 sec
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