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1. Introduction

During RAN1 #62, the following was agreed in [1] regarding Transmission Mode 9 and DCI 2C:

· One new transmission mode is defined for Rel-10 DL MIMO (transmission mode 9) supporting SU-MIMO up to rank-8 and SU/MU dynamic switching,

· A new DCI Format should be defined for this new transmission mode,

· DCI format 1A is used in the fall-back scheme of this transmission mode.
In this contribution, we outline our views on the remaining open issues related to TM 9 and DCI 2C. The issues of ARI, aperiodic SRS triggering and TDD-specific fields in DCIs of TM9 are outside the scope of this paper.
2. Discussion
Transmission Schemes supported by DCI 1A and 2C in TM9
In Rel-9 Transmission Mode 8, as shown in Table 1, DCI 1A supports only antenna port 0 or transmit diversity transmission schemes.
Table 1 DCIs, transmission schemes and resource allocation types in TM8
	Transmission Mode
	DCI Format
	Search Space
	PDSCH Transmission Scheme
	Resource allocation type

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	If the number of PBCH antenna ports is one: Single-antenna port, port 0 is used, otherwise Transmit diversity
	2

	
	DCI 2B
	UE specific by C-RNTI
	Dual layer transmission: port 7 and 8 or single-antenna port: port 7 or 8
	0/1


In order to enable rank 1 precoding and MU-MIMO with low PDCCH overhead, we suggest that in addition to transmit diversity, DCI 1A supports also single antenna port 7 or 8 transmission. Support for MU-MIMO with DCI 1A is envisioned in the scenario with correlated TX antenna with most of the users being rank 1 where good spatial separation allows a high number of SDMuxed UEs. In case such a cell supports many UEs, there will be many DL assignments per TTI opting for the reduced overhead of DCI 1A. With this functionality, there would be no need to specify a new transmission mode, because MU-MIMO would be supported with a compact grant within TM9. To achieve this functionality and not to increase the number of blind decoding trials, DCI 1A (and DCI 0) of TM9 transmitted in UE specific search spaces shall include additional explicit bits. Two solutions can be considered:

· 2 additional bits in DCI 1A in the UESSs of UEs in TM9, as show in Table 2:
Table 2 Transmission scheme and scrambling identity indication in DCI 1A with 2 bits
	Value
	Message

	0
	TX diversity

	1
	Port 7, n_SCID = 0

	2
	Port 8, n_SCID = 0

	3
	Port 7, n_SCID = 1


· 3 additional bits in DCI 1A in the UESSs of UEs in TM9:
· TX diversity / single port URS transmission indicator,
· Port 7 / port 8 indicator,
· Scrambling identity.
The open issue about transmission schemes supported by DCI 2C is whether TX diversity is supported by this dual codeword grant in a similar way as supported in Rel-8 TMs 3/4.The benefit of transmit diversity support by DCI 2C would be that this transmission scheme is supported dynamically with all resource allocation types within this mode. On the other hand DCI 1A provides TX diversity with more robust PDCCH performance and DCI 2C can support fallback operation with single antenna port transmissions combined with a standard transparent TX diversity like CDD or precoder cycling. Therefore, the need to support CRS based transmit diversity with DCI 2C is not apparent to us.
Table 3 summarizes our proposals on transmission schemes supported in TM9.
Table 3 DCIs, transmission schemes and resource allocation types in TM9
	Transmission Mode
	DCI Format
	Search Space
	PDSCH Transmission Scheme
	Resource allocation type

	Mode 9
	DCI format 1A
	Common by C-RNTI

	If the number of PBCH antenna ports is one: Single-antenna port, port 0 is used, otherwise Transmit diversity 
	2

	
	
	UE specific by C-RNTI
	If the number of PBCH antenna ports is one: Single-antenna port, port 0 is used, otherwise Transmit diversity or Single-antenna port 7 or 8
	2

	
	DCI 2C
	UE specific by C-RNTI
	Multiple layer transmission; ports {7, 8, 9, 10, 11, 12, 13, 14} or single-antenna port: port 7 or 8
	0/1


DCI 2C Joint Encoding
Another open issue about the DCI 2C content is the signaling of the scrambling identity, the number layers and URS port indication. In case these fields are separate a maximum of 4 bits would be needed. On the other hand joint coding of these fields can yield some overhead reduction. Table 4 and Table 5 show two approaches to joint coding supporting up to rank 8 with and without the use of the NDI of the disabled transport block respectively.
Table 4 Joint coding of scrambling ID, number of layers and URS port indication with the use of NDI 
(Approach A)
	One Codeword Enabled (based on MCS/RV):
	Two Codewords Enabled:

	Value
	Message
	Value
	Message

	0
	Transmit Diversity or antenna port 0 (FFS)
	0
	2 layers, ports 7, 8; n_SCID = 0

	1
	1 layer, port 7 or 8 (based on the NDI of the disabled TB); n_SCID = 0
	1
	2 layers, ports 7, 8; n_SCID = 1

	2
	1 layer, port 7 or 8 (based on the NDI of the disabled TB); n_SCID = 1
	2
	3 layers, ports 7, 8, 9

	3
	2 layers, ports 7, 8
	3
	4 layers, ports 7-10

	4
	3 layers, ports 7, 8, 9
	4
	5 layers, ports 7-11

	5
	4 layers, ports 7-10
	5
	6 layers, ports 7-12

	6
	reserved
	6
	7 layers, ports 7-13

	7
	reserved
	7
	8 layers, ports 7-14


Table 5 Joint coding of scrambling ID, number of layers and URS port indication without the use of NDI 
(Approach B)
	One Codeword Enabled (based on MCS/RV):
	Two Codewords Enabled:

	Value
	# of layers
	n_SCID
	Transmission Scheme
	Value
	# of layers
	n_SCID
	Transmission Scheme

	0
	N/A
	N/A
	Transmit diversity or antenna port 0 (FFS)
	0
	2
	0
	Ports 7, 8

	1
	1
	0
	Port 7
	1
	2
	1
	Ports 7, 8

	2
	1
	0
	Port 8
	2
	3
	0
	Ports 7, 8, 9

	3
	1
	1
	Port 7
	3
	4
	0
	Ports 7-10

	4
	1
	1
	Port 8
	4
	5
	0
	Ports 7 – 11

	5
	2
	0
	Ports 7, 8
	5
	6
	0
	Ports 7 -12

	6
	3
	0
	Ports 7, 8, 9
	6
	7
	0
	Ports 7 -13

	7
	4
	0
	Ports 7 – 10
	7
	8
	0
	Ports 7 – 14


The tables indicate that joint coding of the scrambling identity, the number of layers and the transmission scheme reduces the DCI 2C overhead by 1 bit (i.e. the scrambling ID bit).
DCI 2C Size Dependency
Transmission Mode 9 will support 3 eNode B configuration namely with 2, 4 and 8 CSI-RS antenna ports configured. Furthermore, the maximum number of spatial layers {2, 4, 8} that can be supported on a given eNB-UE link will also depend on the UE category (i.e. the maximum number of supported layers for spatial multiplexing in DL). This poses the question whether the size of the DCI 2C shall vary with the number of configured CSI-RS ports and/or the UE category.

In Rel-8/9, the size of a monitored DCI format depends only on the bandwidth, the number of CRS antenna ports and the transmission mode. Varying it additionally with the UE category, for a given network configuration, will incur additional complexity related to the determination of the DCI size and handling of UEs configured in the same transmission mode with different DCI sizes. So, we suggest that the size of DCI 2C does not depend on the maximum number of UE supported layers. It can be noted that for similar complexity reasons it was decided in the Carrier Aggregation Work Item that the CIF is a fixed 3 bit field and it does not depend e.g. on the UE category or UE-specific component carrier configuration.
In case DCI 2C’s size depends on the number of configured CSI-RS antenna ports, above joint coding Approach A can provide the following saving:
· If transmit diversity is not supported by DCI 2C, it saves 1 or 2 bits for 4 or 2 CSI-RS antenna ports compared to Approach B with fixed 3 bits,

· The assumption is that for 4 CSI-RS ports, the first 2 bits / 4 code-points of Table 4 are used and for 2 CSI-RS ports the Rel-9 DCI 2C content is used;
· If transmit diversity is supported by DCI 2C, it saves only 1 bit compared to Approach B with fixed 3 bits,
· The assumption is that for 4 CSI-RS ports the first 2 bits / 4 code-points of Table 3 are used and for 2 CSI-RS ports the Rel-9 DCI 2C content with one additional bit for URS / transmit diversity indication.
As can be seen the additional saving are very small compared to the overall size of DCI 2C; therefore, we suggest avoiding the additional complexity and using Approach B so that the size of DCI 2C does not depend on the number of configured CSI-RS antenna ports.
3. Conclusion
In this contribution, we discussed the open issues related to Transmission Mode 9 and the DCIs supporting this mode. Based on the discussion in this paper, we propose that:
· DCI 1A transmitted in UE search spaces, in addition to transmit diversity, supports single URS antenna port transmission and MU-MIMO based on orthogonal and quasi-orthogonal URS:

· Two feasible approaches were presented with 2 or 3 explicit bits,
· DCI 2C does not support transmit diversity,
· Scrambling ID, number of layers and URS port indication are jointly coded in DCI 2C,
· DCI 2C’s size does not depend on the UE category,
· DCI 2C’s size does not depend on the number of configured CSI-RS antenna ports.
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