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1. Introduction
In this contribution, we provide our view on the transmission mode (TM) fallback scheme in MUST. Specifically, it is proposed that MUST is not used for the fallback transmission scheme of each TM.  
2. Discussion
According LTE specifications, the eNB signals the downlink TM to the UE by an RRC connection. The majority of TMs allow the eNB to switch dynamically between transmission techniques without RRC signalling. Different downlink control information (DCI) formats are used for different transmission techniques. For example, a UE configured to use TM 4 will receive DCI format 2 when the closed loop spatial multiplexing is used, and will receive DCI format 1A when transmit diversity is used. The DCI formats associated with PDSCH TMs are given in the table below. It is seen, for each TM, a UE needs to monitor two DCI formats. One of the formats is TM specific, and the other is always DCI format 1A. The PDSCH transmission scheme associated with DCI format 1A is called the fallback transmission scheme of the RRC configured TM.
	Transmission mode
	PDSCH transmission scheme
	DCI format

	 Mode 1
	Single antenna port, port 0
	1A

	
	
	1

	Mode 2
	Transmit diversity
	1A

	
	
	1

	Mode 3
	Transmit diversity
	1A

	
	Large delay CDD, or Transmit diversity
	2A

	Mode 4
	Transmit diversity
	1A

	
	Closed loop spatial multiplexing, or Transmit diversity
	2

	Mode 5
	Transmit diversity
	1A

	
	Multiuser MIMO
	1D

	Mode 6
	Transmit diversity
	1A

	
	Closed loop spatial multiplexing using a single transmission layer
	1B

	Mode 7
	Single antenna port, port 0, or Transmit diversity
	1A

	
	Single antenna port, port 5
	1

	Mode 8
	Single antenna port, port 0, or Transmit diversity
	1A

	
	Dual layer transmission, port 7 and 8, or Single antenna port, port 7 or 8
	2B

	Mode 9
	Single antenna port, port 0 or 7, or Transmit diversity
	1A

	
	Up to 8 layer transmission, ports 7-14, or Single antenna port, port 7 or 8
	2C

	Mode 10
	Single antenna port, port 0 or 7, or Transmit diversity
	1A

	
	Up to 8 layer transmission, ports 7-14, or Single antenna port, port 7 or 8
	2D


In RAN1#86, the following conclusion on the DCI format of MUST was agreed [1].
· Consider the following options for providing MUST-near UE co-schedule information

· Alt 1. Single DCI by adding bits in the self DCI

· FFS details (particularly regarding RA alignment)

· Alt 2. Use common companion DCI to carry all MUST-far UE information

· FFS details (particularly regarding RA alignment)

· Alt 3. Use user-specific companion DCI to carry all MUST-far UE information within near-UE allocation

· FFS details (particularly regarding RA alignment)

· Other alternatives are not precluded

· FFS the number of blind decodes

· Down-select one option until next meeting
In Alt. 1, a single DCI is sent to the MUST-near UE; new bits for MUST assistance information are added into the legacy DCI. In Alt. 2 and 3, MUST assistance information is carried in a companion DCI. In the former, a common companion DCI is used to carry all MUST-far UE information. In the latter, user-specific companion DCI is used to carry all MUST-far UE information within the MUST-near UE resource allocation.
The goal of this tdoc is to discuss whether it is allowed to use MUST for the fallback transmission scheme. In the following, we consider this issue based on the three agreed alternatives.  
2.1
Alt. 1
When Alt.1 is used, an enhanced DCI format associated with MUST is defined for each existing DCI format. The enhanced DCI format contains the network assisted information for MUST. The assistance information is carried in some fields specifying information related to the settings of the applied MUST scheme to facilitate the cancelation or suppression of co-channeled interference. For example, DCI format 2 is bundled with TM 4. To support MUST for TM 4, the enhanced DCI format 2+ is defined for MUST operation. When a UE is RRC configured with MUST, this user monitors the enhanced DCI formats associated with the configured TM. 
DCI format 1A is bundled with the fallback transmission scheme of each TM. Based on what was proposed above to specify an enhanced DCI format 2+ and support MUST for TM 4, does it make sense to specify an enhanced DCI format 1A+ to support MUST in the fallback transmission scheme? Our view to the question is negative. The reason is because DCI format 1A is bundled not only with the fallback transmission scheme but also with the messages of paging, system information, random access response, and so on. If an enhanced DCI format 1A+ is specified to support MUST in fallback transmission schemes, a UE configured with  MUST will need to monitor three DCI formats, i.e., format 1A, 1A+, and the one associated with the configure TM. This undesirable consequence can be avoided by not allowing MUST for the fallback transmission scheme. We think this restriction does not lead to throughput loss in MUST enabled networks, since a UE in the fallback mode (transmit diversity) is generally in a low signal quality condition. In this case, it does not provide much throughput gain to configure this user as a MUST-near user.  
2.2
Alt. 2

In Alt. 2, a common companion DCI is used to carry all MUST-far UE information. Since it has been agreed that dynamic switching between MUST and non-MUST operation is supported [2], there shall be an indicator in the self-DCI to notify whether MUST is enabled in the current subframe. Therefore, when Alt. 2 is used and MUST is allowed to be used for fallback transmission schemes, an enhanced version of DCI format 1A is needed by adding the MUST indicator bit. The consequence is the same as in Alt. 1 that the number of DCI formats a UE needs to monitor is increased. In this case, the number of DCI formats to be monitored is four, i.e., 1A, 1A+, the existing format bundled with the transmission mode, and the format bundled with the companion DCI.

2.3
Alt. 3

In Alt. 3, a user-specific companion DCI is used to carry the paired MUST-far UE(s) information. The CRC of the user-specific companion DCI can be scrambled by the MUST-near user’s C-RNTI so that the user knows it should perform MUST receiver operation once the companion DCI is blindly detected. This alternative has a disadvantage that each MUST-near UE take two DCIs, and the number of DCIs accommodated in the control region need to be increased. Besides, a UE needs to monitor three DCI formats, i.e., 1A, the existing format bundled with the transmission mode, and the format bundled with the companion DCI. 
Based on the discussion above, to keep the same blind detection complexity for DCI, we have the following proposals:
Proposal 1: Providing MUST UE with assistance information using single DCI. New bits carrying assistance information are added into the legacy DCI.
Proposal 2: MUST is not used for the fallback transmission scheme of each TM.

3. Conclusion
In this contribution, we discussed whether it should be allowed to use MUST in the fallback transmission scheme. The discussion showed that, if MUST can be used in the fallback mode, a UE will need to monitor more than two DCI formats in the control region. Moreover, we also discussed the three alternatives agreed in the previous meeting on the provision of MUST assistance information. We had the following proposals:

Proposal 1: Providing MUST UE with assistance information using single DCI. New bits carrying assistance information are added into the legacy DCI.
Proposal 2: MUST is not used for the fallback transmission scheme of each TM.
4. References
[1] Chairman’s notes for RAN1#86. 

[2] Chairman’s notes for RAN1#85.
