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1. Introduction
In this contribution, we provide our view on fallback schemes of transmission modes (TM) in MUST. It is proposed that MUST is not used for the fallback transmission scheme of a TM.  
2. Discussion
In LTE, the network signals the downlink TM to a UE by an RRC connection. The majority of TMs allow the eNB to switch dynamically between two transmission techniques without RRC signalling. Different downlink control information (DCI) formats are used for the two 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 TABLE 1. 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.
TABLE 1. The DCI formats associated with each 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


The goal of this contribution is to discuss whether MUST is to be used for the fallback transmission scheme. In RAN1#86bis, it has been agreed that, for MUST Cases 1 and 2, single DCI by adding bits of wideband power ratio and interference presence in the self DCI is supported [1]. Therefore, an enhanced DCI format associated with MUST is defined for each existing DCI format which is associated with MUST-enabled TMs. The enhanced DCI format contains the network assisted information for MUST. 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 described 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. This restriction does not lead to throughput loss in MUST enabled networks, since a UE in the fallback scheme (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. Additionally, the network can configure the UE with TM2 if MUST is to be used for transmit diversity.  
Based on the discussion above, to keep the same blind detection complexity for PDCCH, we propose that MUST is not used in the fallback transmission scheme of a TM. The behavior of a UE in determining whether MUST is used in the allocated radio resource is depicted in Figure 1.
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Figure 1. The behavior of a UE in determining whether MUST is used in the allocated radio resource

We have the following proposals.
Proposal 1: MUST is not used for the fallback transmission scheme of each TM. No enhanced DCI format is specified for format 1A. 
Proposal 2: The DCI formats which a UE configured with MUST needs to monitor are

· TM 2: format 1+ and format 1A

· TM 3: format 2A+ and format 1A

· TM 4: format 2+ and format 1A

· TM 8: format 2B+ and format 1A

· TM 9: format 2C+ and format 1A

· TM 10: format 2D+ and format 1A,
where format X+ is MUST-enabled, and it is the enhanced format of the legacy DCI format X.
3. Conclusion
In this contribution, we discussed whether MUST is to be used in the fallback transmission scheme of a TM. Our view to this question is negative. In LTE, the PDSCH of fallback schemes and some control messages such as paging, system information and random access response are all bundled with DCI format 1A. Therefore, a UE needs only monitor two DCI formats. One is format 1A, and the other is the format associated with the configured TM. However, if MUST is to be used for fallback schemes, an enhanced DCI format 1A+ will be specified to carry the MUST-enabled control information. The consequence is a UE needs to monitor three DCI formats (i.e., formats 1A, 1A+, and the one associated with the TM), since control messages such as paging, system information and random access response are still bundled with DCI format 1A. To avoid the increase of UE blind detection complexity on PDCCH, we proposed that MUST is not used in the fallback transmission scheme of a TM. The proposals of this contribution are
Proposal 1: MUST is not used for the fallback transmission scheme of each TM. No enhanced DCI format is specified for format 1A. 
Proposal 2: The DCI formats which a UE configured with MUST needs to monitor are

· TM 2: format 1+ and format 1A

· TM 3: format 2A+ and format 1A

· TM 4: format 2+ and format 1A

· TM 8: format 2B+ and format 1A

· TM 9: format 2C+ and format 1A

· TM 10: format 2D+ and format 1A,
where format X+ is MUST-enabled, and it is the enhanced format of the legacy DCI format X.
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