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1. Introduction
In the approved WID of MUST [1], it is proposed that the control signaling design would start from the candidate parameters of assistance information identified in TR 36.859, by also considering the RAN4 identified parameter combinations which could be jointly blindly detected. The mechanism to be specified can provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection. 
In this contribution, we discuss design principle for downlink control signaling, and outline the potential assistance information from two aspects. 
2. Design Principle of Downlink Control Signaling
Some ideas of NAICS design may be reused for control signaling of MUST. In NAICS, instead of introducing a new transmission mode (TM), RRC signaling allows an add-on signaling on top of the legacy controls. In MUST, similar principle can be considered [2]
· To make MUST operation transparent to far UE 
To facilitate the wide use of MUST, a large number of legacy UEs can be configured as far UEs. This requires that MUST operation be transparent to far UEs who can demodulate and decode their signals without knowing that another UE is sharing the same time and frequency resource.
· To support dynamic switching between  OMA  and MUST
When there is no suitable UE to be paired for MUST, orthogonal resource allocation would be more appropriate. This decision would depend on fast fading of each channel and the interference that can vary at subframe level. Therefore, the switching should be dynamically updated. 
· To use separate DCIs for near and far UEs

Near UE and far UE in general would have quite different geometries (i.e., downlink wideband SINR). A common DCI implies higher payload in PDCCH/EPDCCH, compared to the legacy DCIs. If far UE does not require all those control information in the common DCI, there would be significant waste of transmission power of PDCCH or EPDCCH in order to reach far UE with relatively poorer geometry.  And such power wasting (and thus the control channel interference to neighboring cells) may hardly be compensated by the saving of downlink control resources, especially if control channel capacity is not the bottleneck. 

Using separate DCIs for near and far UEs offers much more flexibility in downlink signaling design and the operation. Support of legacy UEs, in particular if they are scheduled as the far UEs, is possible, which would help to increase the pool size for user pairing. 

· Not to introduce a new DCI for MUST operation，but to redefine DCIs in TS 36.212 for relevant downlink transmission modes

MUST is a universal PHY layer technology to take advantage of near-far effect often seen in macro cell environment. In this sense, MUST may be considered as a common feature generally applicable to various transmission modes specified so far in LTE, and provide extra gain on top of the gain already obtained from antenna technologies.. 

LTE has already defined ~10 transmission modes whose DCI formats are quite different from each other. It would be very difficult to consolidate them into a new DCI format in the context of MUST. This new DCI format would either need to carry very heavy payload, or can only support limited choices of TMs. 

As elaborated earlier, MUST is a technology that can be built on any TM. Therefore, a natural approach would be to redefine some of the fields in legacy DCI formats. This not only reduces the effort in defining a totally new DCI, but also is easier to support the legacy UEs when they are scheduled as far UEs. There is some precedence in NACIS, which may be considered for MUST as well.

3. Potential Parameters of Assistance Information 

Specifically, we should consider the following problems 

· What assistance information is needed for UE to cancel or suppress intra-cell interference. 

· How to specify the mechanism to obtain the information.
· If only QPSK modulation is applied to far UEs

· For  far UEs, 
MUST operation would be transparent, so they can demodulate and decode their own signals the similar way as the legacy UEs. Hence, no assistance information is needed.
· For near UEs,  
Firstly, DMRS information may be needed, depending on the configuration of antenna ports, number of layers, nSCID for paired UEs. For example, if nSCID is fixed to be “0”, and the MUST operation is “1 layer + 1 layer”, either the same DMRS port or different DMRS ports may be used. 
If separate DMRS port allocation is configured.  E.g. port 7 for far UE, port 8 for near UE, the UEs can derive the PDSCH power ratio from the DMRS ports as we assume 1:1 DMRS to PDSCH power ratio. And higher modulation for the far UE can be supported as SINR can be estimated. However, channel estimation for a far UE cannot use the full power if it is transparent to the far UE.  
If same DMRS port allocation is configured. E.g. port 7 for both far UE and near UE, channel estimation of the far UE can use the full power. “2 layer +1 layer” or “2 layer +2 layer” MUST transmission is possible. However, PDSCH power ratio cannot be derived from DMRS ports.  Additional signalling is needed for power ratio.  Higher modulation for far UE can't be supported if MUST is transparent to the far UE.
And there are other possibilities of DMRS configuration. UE need to know the existence of the interference on the ports from the other UE, which can be obtained by following approaches.
1) Redefine the field of antenna port(s), scrambling identity and number of layers, and contain the DMRS information for the far UE in the field.
2) Blind detection by UE implementation. if detection complexity and performance is clear and acceptable.
Secondly, power information may be needed for both CRS-based and DMRS-based transmission modes.  Note that for DMRS-based TM,  if they use orthogonal DMRS ports, the power information is not needed. Otherwise it can be obtained by following approaches.
1) To redefine the precoding information field, and contain the power ratio information.

2) Two bits signaling overheads, if performance gain is worth it. The system simulation results are provided in appendix A.
3) Possible blind detection, especially when few power ratios are predefined, or few fixed pairs of relation between the power ratio and modulation type are predefined. Besides, Blind detection can be supported by RAN4.
Thirdly, PMI of MUST-far UE may be needed. 
For case 1 in the WID of MUST [1], if same precoder is used.w1 is the precoding matrix for near UE, w1= [w11, w12], w2 is the precoding matrix for far UE, w2= [w21]. And there is necessary to know which explicit precoding vector is equal, whether w11= w21 or w12= w21. It can be obtained by redefining precoding information field, or blind detection.
For case 3 in the WID of MUST [1], different precoders are used and UE always work in a DMRS based transmission mode, thus PMI is not needed.
· If not limiting the far UE to QPSK modulation 
· For  far UEs, 

For DMRS based TM, if separate DMRS port allocation is configured. MUST operation would be transparent. For other cases, modulation order for far UE may be QPSK, or higher modulation type. In the case of higher modulation, power information may also be needed so that the far UE can detect the interference and estimated SINR accurately. 
· For near UEs,  

DMRS information and power information required for demodulation is the same as the case of limiting the far UE to QPSK. I addition, the following assistance information is also need.

Modulation order of far UE
1) To redefine the field of modulation and coding scheme, and contain the modulation type of far UE.

2) Additional signaling overheads, if performance gain is worth it.

3) Possible blind detection, especially when several fixed pairs of relation of the modulation types are predefined. 

4. Conclusions

In this contribution, we discussed downlink control design principle. The design principle can be outlined as:
· Try to make the far UE transparent to MUST preferentially
· To support dynamic switching among  OMA and MUST
· To use separate DCIs for near and far UEs

· Not to introduce a new DCI for MUST operation，but to redefine DCIs in TS 36.212 for various downlink transmission modes 
In this contribution, mechanisms to provide MUST assistance information to a UE using R-ML receiver with and without limiting the far UE to QPSK modulation.
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Figure A1 User throughput CDFs of DL MUST in full buffer traffic (4 power ratios vs. all power ratios)
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Figure A2 User throughput CDFs of DL MUST for FTP traffic (RU= 0.7, 4 power ratios vs. all power ratios)
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Figure A3 User throughput CDFs of DL MUST for FTP traffic (RU= 0.8, 4 power ratios vs. all power ratios)

Table A1:  System-level simulation assumptions of DL MUST 

	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25 m

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

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

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	realistic

	Channel Measurement
	realistic

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx, 0.5 lambda, cross-polarized
UE: 2Rx, 0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2 

	Delay time of scheduling
	6 ms

	Traffic model
	Wideband scheduling:

 Packet Size=0.1Mbytes, lambda=9,10

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and SIC

	EVM
	EVM is modeled, 8% TX, 4% RX

	Duration of the simulation 
	40s for FTP1, 5s for full buffer 



































