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1	Introduction
TX diversity fallback for legacy LTE is done by using DCI Format 1A, which is not possible for shorter TTI. 
In the current version of the 36.212, dynamic fallback to TX diversity is enabled for TM3 and TM4, by having state of the precoding information in the DCI to point to 2/4 layer transmission diversity. In this contribution we discuss on how to enable this also for TM6, 8, 9 and 10.  

2	Enabling TX diversity fallback for TM6


2.1  TX diversity fallback for TM6 discussion
Currently there are two independent fields indicating the precoding included in the specifications for DCI Format 7-1D namely the TPMI and the precoding information confirmation. 
[bookmark: _GoBack]As done for TM4/DCI Format 7-1C, the bits can be combined and a single precoding field can be equally used indicating TPMI, precoder confirmation and TX diversity fallback. Basically, the same operation/signalling structure than used for TM4/DCI Format 7-1C can be used here without a need to increase the DCI size. 
Proposal 1: Support dynamic TX diversity fallback for TM4 / DCI Format 7-1D. 
The changes in the TP in the next subsection are very much aligned with the description for TM4/DCI Format 7-1C. 

2.2  TX diversity fallback for TM6 - TP /pseudo CR in 36.213 Sec.  5.3.3.1.20

[bookmark: _Toc503902285]< Unchanged parts are omitted >
5.3.3.1.20	Format 7-1D
DCI format 7-1D is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1C:
-	The fields of format 7-1A
-	TPMI Precoding information for precoding – number of bits as the value specified in Table 5.3.3.1.3A-1 plus 1
The precoding information field is defined in Table 5.3.3.1.20-1 and Table 5.3.3.1.20-2. TPMI information indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2] corresponding to the single-layer transmission. 
-	PMI confirmation for precoding – 1 bit as specified in Table 5.3.3.1.3A-2 
Table 5.3.3.1.20-1: Content of precoding information field for 2 antenna ports
	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	
1 layer: Precoding corresponding to precoding vector 

	2
	
1 layer: Precoding corresponding to precoder vector 

	3
	
1 layer: Precoding corresponding to precoder vector 

	4
	
1 layer: Precoding corresponding to precoder vector 

	5
	1 layer: 
Precoding according to the latest PMI report on PUSCH, using the precoder(s) indicated by the reported PMI(s)

	6~8
	reserved



Table 5.3.3.1.20-2: Content of precoding information field for 4 antenna ports
	Bit field mapped to index
	Message

	0
	4 layers: Transmit diversity

	1
	1 layer: TPMI=0

	2
	1 layer: TPMI=1

	

	


	16
	1 layer: TPMI=15

	17
	1 layer: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	18~31
	reserved



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1D mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1D until the payload size equals that of format 7-0A/B, except when format 7-1D assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
< Unchanged parts are omitted >


3	Enabling TX diversity fallback for TM8


3.1  TX diversity fallback for TM8 discussion
For TM8, there is currently one unused state in the antenna port and layer indication that can be easily used for TX diversity fallback indication. So dynamic TX diversity fallback can also for TM8 be done without additional DCI overhead and therefore should be supported. 
Proposal 2: Support dynamic TX diversity fallback for TM8 / DCI Format 7-1E. 
The changes shown in the TP in the next subsection take into account the TX diversity fallback through DCI Format 1A, but restricted to using transmit diversity only (port 0 only transmission not supported for simplicity, as this can be anyhow done through single layer port 7 or 8 already). 

3.2  TX diversity fallback for TM8 - TP /pseudo CR in 36.213 Sec.  5.3.3.1.21

< Unchanged parts are omitted >
[bookmark: _Toc503902286]5.3.3.1.21	Format 7-1E
DCI format 7-1E is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1E:
-	The fields of format 7-1A
-	Precoding information Number of layers and antenna ports – 2 bits as specified in Table 5.3.3.1.21-1.
Table 5.3.3.1.21-1: Content of precoding information field Number of layers and antenna port
	Number of layers and antenna port field value
	Number of layers
	Antenna port 

	00
	1
	7

	01
	1
	8

	10
	2
	7, 8

	11
	Reserved
	Reserved



	Bit field mapped to index
	Message

	0
	2 layers: Transmit diversity

	1
	1 layer: antenna port 7

	2
	1 layer: antenna port 8

	3
	2 layers: antenna ports 7, 8



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1E mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1E until the payload size equals that of format 7-0A/B, except when format 7-1E assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
< Unchanged parts are omitted >


4	Enabling TX diversity fallback for TM9 / 10

4.1  TX diversity fallback for TM9/10 discussion
For TM9 & 10, all the states in the AP/MIMO layers/SCID field are currently already used in Table 5.3.3.1.22-1, but actually two states namely the 3 and 4 layer spatial multiplexing will only be used for up to 4 layer MIMO SPDSCH operation which could be used for TX diversity fallback indication.
As discussed in the WI phase, the UE might anyhow indicate a lower number of supported MIMO layers for SPDSCH compared to PDSCH due to processing time issues as well as the single CW for up to 4 layers for SPDSCH. 
Moreover, currently most UEs will anyhow only support up to 2 layer MIMO which will make the support for TX diversity at least for up to 2 layer MIMO rather attractive. 
Proposal 3: Support dynamic TX diversity fallback for TM9 & 10 (through DCI Format 7-1F/7-1G) for up to 2 layer SPDSCH MIMO operation. 
The changes shown in the TP in the next subsection take into account the semi-open loop TX diversity mode supported for TM9 and TM10 already, ie. Transmit diversity using port 7 and port 8 with nSCID= 0 or 1. 
For up to 4 layers MIMO, if trying to support also TX diversity fallback there will mean some restrictions on the MIMO operation otherwise. Just as an example this could be done by replacing in Table 5.3.3.1.22-1 one of the 2-layer entries (e.g. with  nSCID= 1) with TX diversity using nSCID= 0 which will only limit the MU-MIMO multiplexing when using 2 layers (antenna port 7 & 8) already or making this configurable. 
As for up to 4 MIMO layers the solution is not clear (and the need for support in this case either), we don’t provide a related TP but only summarize this in the following observation: 
Observation: RAN1 to discuss if TX diversity fallback for TM9/10 with up to 4 MIMO layers is to be implemented (and if so, which MIMO restrictions to apply). 

4.2  TX diversity fallback for TM9/10 - TP /pseudo CR in 36.213 Sec.  5.3.3.1.22 & 5.3.3.1.23


< Unchanged parts are omitted >
[bookmark: _Toc503902287][bookmark: _Hlk505338695]5.3.3.1.22	Format 7-1F
DCI format 7-1F is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1F:
-	The fields of format 7-1A
-	Antenna port(s), scrambling identity and number of layers – 3 bits as specified in Table 5.3.3.1.22-1 or Table 5.3.3.1.22-2 if the maximum number of MIMO layers is not more than two where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2], or 1 bit as specified in Table 5.3.3.1.5C-6 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] when higher layer parameter semiOpenLoop is configured.
When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for transmit diversity.
Table 5.3.3.1.22-1: Antenna port(s), scrambling identity and number of layers indication
	[bookmark: _Hlk505337439]Value
	Message

	0
	1 layer, port 7, nSCID=0

	1
	1 layer, port 7, nSCID=1

	2
	1 layer, port 8, nSCID=0

	3
	1 layer, port 8, nSCID=1

	4
	2 layers, ports 7-8, nSCID=0

	5
	2 layers, ports 7-8, nSCID=1

	6
	3 layers, ports 7-9

	7
	4 layers, ports 7-10



Table 5.3.3.1.22-2: Antenna port(s), scrambling identity and number of layers indication for a maximum of up to two MIMO layers
	Value
	Message

	0
	1 layer, port 7, nSCID=0

	1
	1 layer, port 7, nSCID=1

	2
	1 layer, port 8, nSCID=0

	3
	1 layer, port 8, nSCID=1

	4
	2 layers, ports 7-8, nSCID=0

	5
	2 layers, ports 7-8, nSCID=1

	6
	2 layers, transmit diversity
ports 7-8, nSCID=0

	7
	2 layers, transmit diversity
ports 7-8, nSCID=1



If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1F mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1F until the payload size equals that of format 7-0A/B, except when format 7-1F assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
[bookmark: _Toc503902288]5.3.3.1.23	Format 7-1G
DCI format 7-1G is used for the scheduling of one PDSCH codeword with slot or subslot duration in one cell.
The following information is transmitted by means of the DCI format 7-1G:
-	The fields of format 7-1A
-	Antenna port(s), scrambling identity and number of layers – 3 bits as specified in Table 5.3.3.1.22-1 or Table 5.3.3.1.22-2 if the maximum number of MIMO layers is not more than two where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2], or 1 bit as specified in Table 5.3.3.1.5C-6 where nSCID is the scrambling identity for antenna ports 7 and 8 defined in section 6.10.3.1 of [2] when higher layer parameter semiOpenLoop is configured.
-	PDSCH RE Mapping and Quasi-Co-Location Indicator – 2 bits as defined in sections 7.1.9 and 7.1.10 of [3]
When higher layer parameter semiOpenLoop is configured, antenna ports 7 and 8 are used for transmit diversity.
If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1G mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1G until the payload size equals that of format 7-0A/B, except when format 7-1G assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell.
< Unchanged parts are omitted >


5	Summary and Conclusions

In this document, we discuss the dynamic TX diversity fallback for TM8, 9 and 10 which can be summarized in the following proposals and observations: 
· Proposal 1: Support dynamic TX diversity fallback for TM4 / DCI Format 7-1D. 
· Proposal 2: Support dynamic TX diversity fallback for TM8 / DCI Format 7-1E. 
· Proposal 3: Support dynamic TX diversity fallback for TM9 & 10 (through DCI Format 7-1F/7-1G) for up to 2 layer SPDSCH MIMO operation. 
· Observation: RAN1 to discuss if TX diversity fallback for TM9/10 with up to 4 MIMO layers is to be implemented (and if so, which MIMO restrictions to apply). 

The related text proposals for proposals 1 to 3 to 36.212 are included for reference. The related necessary changes to 36.213 (i.e. transmission scheme definition) are shown beside other changes in [1].
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