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1	Introduction
[bookmark: _GoBack]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 TM9 and TM10 without any additional DM-RS overhead in the spirit of the TM4 operation for up to 2 supported MIMO layers.  
2	Enabling TX diversity fallback for TM9/10


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. Moreover, a UE capability for the support of TX diversity transmission using ports 7 and 8 for slot and subslot PDSCH could be defined. 
Proposed Agreement 1: Define a UE capability for the support of TX diversity transmission using ports 7 and 8 for TM9/10 separately for slot and subslot PDSCH. 
Proposed Agreement 2: Support dynamic TX diversity fallback for TM9 & 10 (through DCI Format 7-1F/7-1G) for up to 2 layer SPDSCH MIMO operation. The alternative Antenna port(s), scrambling identity and number of layers indication table for TX fallback & SU-MIMO up to 2 layers is configured by higher layers.  
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. This could be also supported, by making the operation configurable as for the 2TX case above. 
Proposed Agreement 3: Support dynamic TX diversity fallback for TM9 & 10 (through DCI Format 7-1F/7-1G) for up to 4 layer SPDSCH MIMO operation. The alternative Antenna port(s), scrambling identity and number of layers indication table for TX fallback & SU-MIMO up to 4 layers is configured by higher layers.  
The example RRC parameter names for the configuration of the alternative tables are shown in yellow in the TP below. 
The related envisioned needed changes can be summarized as follows: 
	
	

	Reason for change:
	1.Support dynamic TX diversity fallback for sTTI DL TM9 and TM10
2. Different transmission scheme assumption between 36.212 and 36.213 on semi-openloop operation (transmission diversity in 36.212, dual layer transmission in 36.213)

	
	

	Summary of change:
	1. Enable dynamic TX diversity fallback for sTTI DL TM9 and TM10, by using unused elements in the precoding indication for up to 2 MIMO layers and limiting the MU-MIMO multiplexing options for up to 4 MIMO layers. 
2. Align the transmission scheme assumption between 36.212 and 36.213 on semi-openloop operation (transmission diversity in 36.212, dual layer transmission in 36.213)

	
	

	Consequences if not approved:
	1. Dynamic TX diversity fallback for sTTI DL TM9 / 10 is not supported
2. Unclear semiopenloop DM-RS based operation for TM9 and TM10

	
	

	
	

	Clauses affected:
	36.212 Sections 5.3.3.1.22, 5.3.3.1.23 & 36.213 Section 7.1




3	TX diversity fallback for TM9/10 - TP /pseudo CR in 36.212 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, Table 5.3.3.1.22-2 if the UE is higher layer configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS 36.331 [11]) or Table 5.3.3.1.22-3 if the UE is higher layer configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]) 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 
if the UE is configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10 
	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



Table 5.3.3.1.22-3: Antenna port(s), scrambling identity and number of layers indication 
if the UE is configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10 
	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, transmit diversity
ports 7-8, nSCID=0

	6
	3 layers, ports 7-9

	7
	4 layers, ports 7-10




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, Table 5.3.3.1.22-2 if the UE is higher layer configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS 36.331 [11]) or Table 5.3.3.1.22-3 if the UE is higher layer configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]) 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 >


4	TX diversity fallback for TM9/10 - TP /pseudo CR in 36.213 Sec. 7.1
[bookmark: _Toc415085444]7.1	UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
Table 7.1-5: PDCCH and PDSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	…
	…
	…
	…

	Mode 9
	DCI format 1A
	Common and UE specific by C-RNTI 
	· Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
· MBSFN subframe: Single-antenna port, port 7 (see Subclause 7.1.1)

	
	DCI format 2C 
	UE specific by C-RNTI
	Transmit diversity, port 7-8, (see Subclause 7.1.2) or dual layer transmission port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer parameter semiOpenLoop, up to 8 layer transmission for subframe-based PDSCH, and up to 4 layer transmission for slot/subslot-based transmissions, ports 7-14 (see Subclause 7.1.5B) otherwise; or single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise

	
	DCI format 7-1F
	UE specific by C-RNTI
	Transmit diversity, port 7-8, (see Subclause 7.1.2)Dual layer transmission port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer parameter semiOpenLoop., 

Up to 2 layer transmission, ports 7-8 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]).

Uup to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise

	Mode 10
	DCI format 1A
	Common and UE specific by C-RNTI 
	· Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
· MBSFN subframe: Single-antenna port, port 7 (see Subclause 7.1.1)

	
	DCI format 2D 
	UE specific by C-RNTI
	Transmit diversity, port 7-8, (see Subclause 7.1.2) or dual layer transmission port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer parameter semiOpenLoop, up to 8 layer transmission for subframe-based PDSCH, and up to 4 layer transmission for slot/subslot-based transmissions, ports 7-14 (see Subclause 7.1.5B) otherwise; or single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise

	
	DCI format 7-1G
	UE specific by C-RNTI
	Transmit diversity, port 7-8, (see Subclause 7.1.2)Dual layer transmission port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer parameter semiOpenLoop., 

Up to 2 layer transmission, ports 7-8 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with   slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]).

Uup to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise



< Unchanged parts are omitted >
Table 7.1-5C: SPDCCH and PDSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to SPDCCH

	…
	…
	…
	…

	Mode 9
	DCI format 7-1F
	UE specific by C-RNTI
	Transmit diversity, port 7-8, (see Subclause 7.1.2)Dual layer transmission port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer parameter semiOpenLoop.,

Up to 2 layer transmission, ports 7-8 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with with slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with with slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]).


 uUp to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise

	Mode 10
	DCI format 7-1G
	UE specific by C-RNTI
	Transmit diversity, port 7-8, (see Subclause 7.1.2)Dual layer transmission port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer parameter semiOpenLoop.,

Up to 2 layer transmission, ports 7-8 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with with slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) or transmit diversity, port 7-8, (see Subclause 7.1.2) if the UE is configured with with slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]).

 Uup to 4 layer transmission, ports 7-10 (see Subclause 7.1.5B) or single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise


< Unchanged parts are omitted >
