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1. Introduction

Issues on downlink multi user MIMO have been discussed aiming to improve spectral efficiency and user throughput for LTE-Advanced system. RAN1#61bis meeting concluded major open issue on MU-MIMO, i.e. use of DM RS ports and scrambling sequence as following [1]:
Agreements:

· 2 orthogonal DMRS ports and 2 scrambling sequences are supported in Rel-10

· 4 orthogonal DMRS ports are not supported for MU-MIMO in Rel-10

· No dynamic downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB as the one in which the UE is scheduled
In this document, we discuss DCI format design for enhanced downlink multiple antenna transmission in particular for support of low overhead DCI with above decision taken into account.
2. Discussion
2.1. Rel-9 discussion for DCI design corresponding to transmission mode 8
Following tables in TS36.213 indicate which transmission scheme is supported by corresponding transmission mode for dynamic resource allocation (Table 7.1-5) and SPS allocation (Table 7.1-6), respectively.
Table 1 (dynamic resource allocation) PDCCH and PDSCH configured by C-RNTI [in Table 7.1-5 of TS36.213]
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	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 (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission; port 7 and 8 (see subclause 7.1.5A) or single-antenna port; port 7 or 8 (see subclause 7.1.1)


Table 2 (SPS allocation) PDCCH and PDSCH configured by SPS C-RNTI [in Table 7.1-6 of TS36.213]
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	Single-antenna port; port 7(see subclause 7.1.1)

	
	DCI format 2B
	UE specific by C-RNTI
	Single-antenna port; port 7 or 8 (see subclause 7.1.1)


The supported transmission scheme with DCI format 1A is limited to i) the single layer transmission with fixed antenna port (and scrambling sequence as well) or ii) transmit diversity. Through the discussion for the Rel-9 work item phase, low overhead DCI like DCI format 1A supporting single layer transmission with some more flexibility was proposed, however concluded as no support for that concerning time limitation for standardization. On the other hand, DCI format 2B has much flexibility in terms of port and scrambling sequence indication, so it is useful for both single and multi user MIMO. However it consumes more resources in PDCCH region due to large payload size of DCI format 2B. This is especially true in case of cell edge using lower coding rate of PDCCH. Other ways to support MU-MIMO functionality without much PDCCH consumption in Rel-8/9 are a) transmission mode 5 for which DCI format 1D is used or b) transmission mode 7 with user-specific scrambling for which DCI format 1 (slightly less overhead than DCI format 2) is used. However neither one provides sufficient flexibility for scheduler since approach a) is semi-statically configured, which prohibits to dynamic support of SU-MIMO, and approach b) is non-orthogonal multiplexing then it requires sufficient separation between the beams for the paired UEs.
2.2. DCI design for enhanced downlink MIMO in Rel-10
As mentioned in the introduction part, MU-MIMO is one of major feature LTE-Advanced is aiming to. So DCI design for enhanced downlink MIMO should take into account that, preferably without large control signalling overhead. Otherwise, to have one super set DCI similar to DCI format 2B for transmission mode (TM) 8 would be sufficient.
If such low overhead DCI is supported, probably 2 types of DCI format would be taken into account, namely:

· DCI format X 

· This format is intended for the similar objective as DCI format 2B for TM8 e.g.
· dynamic switching between single user and multi user operation via DMRS port and scrambling sequence indication; and 
· supporting maximum number of layers from single user perspective e.g. 4 or 8.
· As agreed working assumption, multi user operation with 2 layers per UE is supported which can be covered by this.
· DCI format Y
· Intended for minimized overhead with some design schemes e.g. 
· limited to contiguous resource allocation like DCI format 1A and/or
· limited to single CW allocation.
· Might not support multi user operation with 2 layers per UE.
· Supports dynamic indication of DMRS port and scrambling sequence possibly, which has 4 combinations and results in requiring 2 bit signalling.
· If corresponding payload size never be increased compared to DCI format 1A, reduce the number of bits for Localized/Distributed VRB assignment flag and/or Resource block assignment can be considered. Also possible to indicate DMRS port only in DCI (scrambling sequence ID is fixed to be zero), in this case at most 2UEs can be spatially multiplexed but 1bit in DCI is reduced.
· Probably DCI format 1A should be available separately somehow, in order to support fallback transmission scheme as that for TM8 in case of erroneous feedback reception.

With these 2 formats, followings are possible options.
Option a)
Table 3 (Option a) PDCCH and PDSCH configuration by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode A
	DCI format 1A
	Common and

UE specific by C-RNTI
	Same as TM8

	
	DCI format X
	UE specific by C-RNTI
	Multiple layer transmission; port 7-14 or single-antenna port; port 7 or 8

	Mode B
	DCI format 1A
	Common and

UE specific by C-RNTI
	Same as TM8

	
	DCI format Y
	UE specific by C-RNTI
	Single-antenna port; port 7 or 8


One drawback of this option is relatively slower change of two modes because of RRC, e.g. no support of dynamic switching between SU/MU below Mode B, even though above design provides cleaner specification at least from layer 1 point of view.
Option b)
Table 4 (Option b) PDCCH and PDSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode A
	DCI format 1A
	Common 
	Same as TM8

	
	DCI format X
	UE specific by C-RNTI
	Multiple layer transmission; port 7-14 or single-antenna port; port 7 or 8

	
	DCI format Y
	UE specific by C-RNTI
	Single-antenna port; port 7 or 8


This option assumes payload size for UL grant in UE specific search space is aligned to DCI format Y. DCI format X or Y might support fallback transmission scheme as TM8 in case of erroneous feedback reception even though its necessity needs to be clarified e.g. how frequently the fallback transmission is required, whether assignment of CRS port 0 to port 7 or 8 is sufficient, etc.
3. Conclusion
This document discussed possible support of low overhead DCI for enhanced downlink multiple antenna transmission. We’d suggest further investigations based on above 2 alternatives.
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