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1. Introduction
In RAN1#82, classification of MUST schemes into three categories has been agreed [1]. In this contribution, we provide our views on the assistance information required by these MUST categories. The related UE/eNB complexity is also analyzed.
2. Potential Downlink Control Signaling
Three categories for MUST schemes have been agreed in the RAN1#82 meeting. They are

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· MUST Category 3: Superposition transmission with label-bit assignment on Gray-mapped composite constellation
In the following, the assistance information required for each MUST category is discussed.

2.1. MUST Category 1
This category includes MUST schemes with independent mapping of coded bits of co-scheduled UEs to component constellation symbols. The component constellation symbols are superposed with adaptive power ratio. The composite constellations do not have Gray mapping. 
Table 1 gives the assistance information for MUST category 1. The leftmost column lists all of the parameters that are required by a receiver to perform interference cancellation (IC) or suppression. According to the agreed text proposal [1], candidate receivers to enable various MUST schemes for both MUST-far and MUST-near users are listed as follows.
· Candidate receiver schemes for MUST-far user

· LMMSE-IRC receiver, ML receiver, R-ML receiver, and symbol level IC (SLIC) receiver

· Candidate receiver schemes for MUST-near user

· ML receiver, R-ML receiver, SLIC receiver, linear codeword level successive IC (L-CWIC) receiver, maximum likelihood codeword level successive IC (ML-CWIC) receiver 

The necessity of a parameter for each of the receiver types and, if necessary, the way to signal the parameter is given in the table. Each parameter comes with two rows “self” and “co-scheduled UE” since a user may need not only its own parameter but also that of the co-scheduled UE for IC. For clarity, “V” is used to denote the signaling of the parameter has been supported in LTE, and “X” is used to represent there is no need to signal the parameter. 
	Table 1. Assistance information for MUST category 1

	Parameters
	MUST-far UE
	MUST-near UE

	
	LMMSE-IRC
	ML, R-ML, SLIC
	ML, R-ML, SLIC 
	L-CWIC, ML-CWIC

	Power split factor
	Self
	Yes.
· CRS-based TM: signaled by DCI
· DM-RS based TM: by UE measurement or signaled by DCI 

	
	Co-scheduled UE
	X
	Yes. 
· CRS-based TM: signaled by DCI

· DM-RS based TM: by UE measurement or signaled by DCI

	MOD/MCS
	Self
	V

	
	Co-scheduled UE
	X
	Yes. MOD is signaled by DCI
	Yes. MCS is signaled by DCI

	DMRS antenna ports
	Self
	V

	
	Co-scheduled UE
	X
	Yes. Signaled by DCI

	DMRS sequence scrambling identity
	Self
	V

	
	Co-scheduled UE
	X
	Yes. Signaled by DCI

	Precoder index
	Self
	V

	
	Co-scheduled UE
	X
	Yes. By UE blind detection or by network signaling

	Resource allocation
	Self
	V

	
	Co-scheduled UE
	X
	Not needed. IC receiver is used as if two users have the same resource allocation

	Transmission scheme
	Self
	V

	
	Co-scheduled UE
	X
	Yes. By UE blind detection or by network signaling

	HARQ process number
	Self
	V

	
	Co-scheduled UE
	X
	Yes only if soft buffer is reserved for far-UE's packet. Signaled by DCI

	New data indicator
	Self
	V

	
	Co-scheduled UE
	X
	Yes only if soft buffer is reserved for far-UE's packet. Signaled by DCI

	Redundancy version
	Self
	V

	
	Co-scheduled UE
	X
	Yes only if soft buffer is reserved for far-UE's packet. Signaled by DCI

	Parameters for descrambling
	Self
	V

	
	Co-scheduled UE
	X
	Yes. Signaling is FFS

	RE mapping information
	Self
	V

	
	Co-scheduled UE
	X
	Yes. Signaling is FFS

	Limit buffer rate matching info.
	Self
	V

	
	Co-scheduled UE
	X
	Yes. Signaling is FFS


Some comments are made below to explain the reasoning of our views.
· Power split factor. For CRS based transmission mode (TM), this parameter can be signaled by the DCI with the number of bits depending on the number of candidate power ratios. For DMRS based TM, in addition to DCI signaling, it is also possible that the power split factor is measured on the REs of the associated DMRS antenna port. It is required to perform evaluations to see if such measurements are accurate enough not to cause performance degradation. For example, when the R-ML receiver is adopted by the MUST-far user, the measurement of the MUST-near user’s power at the MUST-far user’s receiver may not be accurate. 
· Precoder index. According to the SID [2], MUST enables the scheme that data layers for MUST-near and MUST-far users are transmitted using the same spatial precoding vector over the same REs. If different spatial precoders are to be used for the two users, UE can blindly detect the precoder of the co-scheduled user. However, if the performance of blind detection is not satisfactory, network-assisted signaling is needed.   
· Resource allocation. If the allocated resource of the interference to be cancelled is different from the resource of the desired signal, then signaling of the resource allocation of the interference is needed.  Since the overhead of this signaling is huge, it is suggested the IC receiver can assume the desired and interfering signals have the same resource allocation. If the MUST-near user uses the L-CWIC or ML-CWIC receiver, it needs to know the allocated resource of the MUST-far user to perform data decoding. It is suggested CWIC is performed only if the MUST-near and MUST-far users have the same resource allocation.
· Transmission scheme. According to the SID [2], MUST enables the scheme that data layers for MUST-near and MUST-far users are transmitted using the same spatial precoding vector or the same transmit diversity scheme over the same REs. If different transmission schemes are to be used for the two users, UE can blindly detect the transmission scheme of the co-scheduled user. However, if the performance of blind detection is not satisfactory, network-assisted signaling is needed.
· HARQ process number, new data indicator and redundancy version. If the MUST-near user receiver does not reserve soft buffer for the transport block (TB) intended for the MUST-far user, then the soft channel bits of the MUST-far user’s TB are not stored. In this case, HARQ process number, new data indicator and redundancy version of the MUST-far user’s TB need not be signaled to the MUST-near user.
· Parameters for descrambling, RE mapping information and limit buffer rate matching (LBRM) information. These parameters are required for the MUST-near user to perform CWIC. However, signaling overhead of these parameters are huge, further discussion on the signaling mechanism is needed. 
2.2. MUST Category 2
	Table 2. Assisted parameters for MUST category 2 that are different from parameters for category 1

	Parameters
	MUST-far UE
	MUST-near UE

	
	LMMSE-IRC
	ML, R-ML, SLIC
	ML, R-ML, SLIC 
	L-CWIC, ML-CWIC

	Precoder index
	Self
	V

	
	Co-scheduled UE
	X

	Transmission scheme
	Self
	V

	
	Co-scheduled UE
	X


Table 2 gives the assistance information for MUST category 2 that is different from the information for MUST category 1. When MUST category 2 is used, the same precoding vector as well as the same transmission scheme should be used for the MUST-near and MUST-far users. Therefore, signaling of the precoding vector and transmission scheme of the co-scheduled UE is not needed.
2.3. MUST Category 3
	Table 3. Assisted parameters for MUST category 3 that are different from parameters for category 1

	Parameters
	MUST-far UE
	MUST-near UE

	
	LMMSE-IRC
	ML, R-ML, SLIC
	ML, R-ML, SLIC 
	L-CWIC, ML-CWIC

	Power split factor
	Self
	X

	
	Co-scheduled UE
	X

	Label-bit assignment
	Self
	Yes. Signaling is FFS

	Precoder index
	Self
	V

	
	Co-scheduled UE
	X

	Transmission scheme
	Self
	V

	
	Co-scheduled UE
	X


Table 3 gives the assistance information for MUST category 3 that is different from category 1. For MUST category 3, the power split factor is fixed and not signaled. Additional signaling of the label-bit assignment is necessary. When MUST category 3 is used, the MUST-near and MUST-far users have the same precoding vector and the transmission scheme. Therefore, signaling of the precoding vector index and transmission scheme of the co-scheduled UE is not needed.
3. Complexity at UE/eNB

In this section, we discuss the UE/eNB complexity from the perspectives of receiver blind detection, codeword level IC, and whether the MUST-near user reserves a soft buffer for MUST-far user’s packet.
3.1. Blind Detection

In Table 1, the precoder index and the transmission scheme of the co-scheduled user may be blindly detected for IC. Blind detection of these two parameters have been supported in Rel-12 NAICS receivers. However, there are differences between blind detection in NAICS and MUST. Firstly, the evaluation of Rel-12 NAICS was performed with the number of transmit antennas equal to two. It is expected the complexity of blind detection increases with the number of transmit antennas especially for the detection of the precoder index. Secondly, it can be expected the requirement of blind detection accuracy in MUST is much higher than in NAICS. For MUST, generally speaking, if the MUST-near user cannot detect the parameters correctly, it fails to detect/decode its own signal. For NAICS, inter-cell IC is considered as a throughput enhanced scheme. The receiver is robust in maintaining the MMSE-IRC receiver performance even if the channel condition is not advantageous for IC. Therefore, evaluations for the blind detection performance are needed, and we have the following proposal.
Proposal 1: Evaluate the feasibility that a MUST user blindly detects the transmission scheme and precoder index of the co-scheduled MUST user.
3.2. Codeword Level IC

CWIC has been supported in some high-end receivers for SU-MIMO. Therefore, the computation complexity is not a concern. However, the signaling overhead to support CWIC is huge. In LTE, the rate matching algorithm repeats or punctures the bits of a mother codeword to generate a requested number of bits according to the size of the time-frequency resource and a desired code rate that may be different from the mother code rate of the channel encoder. Besides, rate matching also needs to take into account the soft buffer size of a code block at the receiver, and the soft buffer size of a code block depends on several factors such as the total number of soft channel bits, UE capability, transmission mode, and so on. Additionally, information related to the scrambling code of the MUST-far user is required. 
3.3. Soft Buffer Reservation for Superposed Packet
When CWIC is used, it is helpful if the soft buffer of the MUST-near user’s receiver is reserved for not only the desired TB but also the TBs intended for the MUST-far user. In so doing, the soft channel bits of the MUST-far user’s TBs at multiple (re)transmissions can be combined to enhance the success rate of data decoding. To support soft buffer reservation for interfering TB, it is required the user and the network have the same understanding on the partition of the soft buffer for the desired signal and the interfering signal. Otherwise, the soft channel bits of some TBs may not be accumulated due to the insufficient space of the soft buffer, and soft packet combining of multiple (re)transmissions does not work efficiently. Moreover, the soft buffer sizes per code block of the MUST-near and MUST-far users may not be the same since the size depends on the UE category. 
4. Conclusion

In this contribution, we provided our views on the assistance information required by three MUST categories in Tables 1 to 3. The related UE/eNB complexity was also analyzed. We proposed to evaluate the feasibility of blind detection on co-scheduled user’s precoding index and transmission scheme. Besides, the signaling overhead related to CWIC is huge. Further study is needed to assess the tradeoff between performance and the required overhead. Necessity of soft buffer reservation for superposed packet can also be investigated.
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