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1 Introduction
In San Francisco meeting held in May 2009, a few companies shared their views on the downlink control signaling for enhanced downlink beamforming for Rel-9 [1]

 REF _Ref232997271 \r \h 
[2]

 REF _Ref232997272 \r \h 
[3]. In this contribution, we present Samsung’s view on the topic.
2 Transmission modes for Single-User Enhanced DL Beamforming
For single-user enhanced downlink beamforming in Rel-9, introduction of a new transmission mode is needed. In the new transmission mode, a set of DL grant DCI formats for different types of transmission and what information should be conveyed in the UEs’ feedback needs to be specified.

2.1 DCI formats

Just as for transmission mode 7 in Rel-8, eNodeB would transmit two different DCI formats for the SU enhanced DL beamforming; one for dual-layer beamforming transmissions that supporting up to rank-2 beamforming, the other for fallback transmissions. 
As other companies proposed [1]

 REF _Ref232997271 \r \h 
[2]
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[3], DCI format 2A in Rel-8 [4] seems to be a suitable format for dual-layer beamforming, since it can support up to two codeword transmissions without specifying the transmitter PMI information, as well as other fields needed for resource allocation, link adaptation, and HARQ management. We also note that DCI format 2A has implicit information of the transmission rank, by enabling/disabling codewords, which makes the dynamic rank adaptation possible. The information fields in DCI format are listed in Table 1:
Table 1 DCI format 2A for dual-layer beamforming

	Fields in DCI format 2A
	Number of bits and remarks

	Resource allocation (RA) header
	1 bit, Specifies RA type 0 or 1

	RB Assignment
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	TPC command for PUCCH
	2 bits

	DAI
	2 bits, only for TDD

	HARQ process number
	3 bits (FDD), 4bits (TDD)

	TB to CW swap flag
	1 bit

	TB1 MCS, NDI, RV
	5 bits, 1 bit, 2 bits

	TB2 MCS, NDI, RV
	5 bits, 1 bit, 2 bits

	Precoding information
	0 bit (with 2/4 CRS)


We may need some clarification for using DCI format 2A for dual-layer beamforming for the interpretation of the precoding information field. According to the definition of DCI format 2A in Rel-8, the precoding information field can have either 0 or 2 bits, depending on the number of CRS ports, either 2 or 4. Since for dual-layer beamforming the precoding information field is not needed as UE’s demodulation utilizes UE-specific RS, we prefer to have 0 bits for precoding information field regardless of the number of CRS ports, as suggested by [2].

For fallback operation, as in Rel-8 transmission mode 7, TxD can be used with DL grant DCI format 1A when PDCCH and PDSCH are configured by C-RNTI, single-layer transmission can be used with DL grant DCI format 1A when they are configured by SPS-RNTI.

2.2 CQI/PMI/RI Feedback

For FDD where the channel reciprocity does not hold, CQI/PMI/RI feedback is needed for transmit precoder selection and link adaptation. This is aligned with the agreement for transmission mode 7 in Rel-9 made in RAN plenary meeting [5]. When a UE reports rank 2, it is natural to feed back two CQI values derived with a rank-2 precoder and a PMI corresponding to the best precoder; when a UE reports rank 1, one CQI value derived with a rank-1 precoder and a PMI corresponding to the best precoder.
On the other hand, for TDD where the channel reciprocity holds, it is not clear whether PMI is needed or not. However, for link adaptation, CQI and RI feedback seems to be needed. For the number of CQI values, we may consider UE’s feeding back one TxD-based CQI value as in Rel-8 transmission mode 7, as eNodeB can figure out two CQI values based on one TxD-based CQI as suggested in [6].
3 Multi-User Enhanced DL Beamforming in Rel-9
In the e-mail reflector discussion before the LA meeting June 2009, companies shared their views whether we support MU-MIMO for dual-layer beamforming in Rel-9 or not, and if so, whether we support explicit or implicit MU-MIMO transmissions. Here, we follow the definition of explicit MU-MIMO discussed in the e-mail reflector discussion; in an explicit MU-MIMO transmission mode, there is a specific signaling support for MU-MIMO reception at the UEs. For example, in MU-MIMO transmission mode, the DL grant may contain information on the stream index and/or the number of streams scheduled in a PDSCH resource.

One example of an implicit MU-MIMO transmission is the grid of beam (GOB) approach (for example the MU-MIMO scheme discussed in [7]). For enabling this MU-MIMO transmission, we do not need additional signaling support and we can reuse the SU-MIMO DL grant. In this sense, we may reuse the SU transmission mode for this implicit MU-MIMO, and thus this is an implementation issue and could be a baseline approach for Rel-9 MU-MIMO. In the GoB approach, a few (close-to) orthogonal beams are scheduled in a PDSCH resource by the eNodeB, and a UE receiving beams demodulates its targeted streams without knowing whether there are other UEs scheduled in the same PDSCH resource. In this case, the measured channels at the UE for demodulation would be corrupted with inter-beam interference, which may degrade the UE’s demodulation performance. 

One main motivation for explicit MU-MIMO is to improve the channel estimation performance for the demodulation at UEs. This can be realized with providing orthogonal DM RS to the co-scheduled UEs. Let us consider the case where eNodeB gives a time-frequency resource to two UEs, one stream each; UE 0 is scheduled stream 0, while UE 1 is scheduled stream 1. Using a DM RS corresponding to stream 0/1, UE 0/1 can measure its interference-free channel, which can improve the channel estimation performance of UE 0/1 and eventually contribute for improving the UE throughput. To do this, each UE should be able to identify its scheduled stream index, which could be conveyed in the DL grant. We consider two types of explicit MU-MIMO mode, one (explicit MU-MIMO mode 1) supporting up to rank-1 transmission in each UE where up to two UEs can be multiplexed together, and another (explicit MU-MIMO mode 2) supporting up to rank-2 transmission in each UE where up to two UEs can be multiplexed together. 

In explicit MU-MIMO mode 1, we may consider using DCI format 1A as a downlink grant with additional fields for stream index indication and/or the total number of streams, accounting for all the UEs’ streams transmitted in the assigned resources. 

In explicit MU-MIMO mode 2, we may consider using DCI format 2A as a downlink grant with additional fields inserted for stream index indication and/or the total number of streams, accounting for all the UEs’ streams transmitted in the assigned resources. In another alternative of stream index indication, we may consider indicating the stream index implicitly using existing fields in DCI format 2A. In this implicit method, UEs identify the stream index by finding the indices of the enabled codewords (CWs). When CW0 is enabled in the downlink grant, a UE identifies that DRS 0 carries the DRS for the UE; on the other hand, when CW1 is enabled, the UE identifies that DRS 1 carriers the DRS for the UE; finally when both CWs are enabled, the UE identifies that both DRS ports carry the DRS for the UE. When the stream index is implicitly signalled, we may consider defining a unified MU-/SU-mode where DCI format 2A is used as a DL grant, while still give the possibility of UE’s estimating channels with interference-free DM-RS. 
For realizing benefits of explicit MU-MIMO over implicit MU-MIMO, MU-MIMO receivers should be carefully designed. There are mainly two types of MU-MIMO receivers, linear and non-linear receivers. One of the most popular linear receivers is matched filter, i.e. maximum ratio combiner (MRC). When a UE is equipped with this receiver, the UE does not take account of the co-channel interference from other MU-MIMO UEs when demodulating the symbols intended to itself. Another popular linear receiver is linear MMSE (LMMSE) combiner. When a UE is equipped with an LMMSE receiver, the UE takes the interference signals into account, thus, the performance of LMMSE could be better than MRC. On the other hand, non-linear receiver can provide even better performance than LMMSE. However, it may require UEs to know additional information, e.g. the modulation order used by other MU-MIMO UEs. 
Even though we expect performance gain with explicit MU-MIMO, we also think that we need more evaluation results to decide whether to introduce explicit MU-MIMO in Rel-9. Considering the tight schedule of Rel-9 submission, we may also consider introducing explicit MU-MIMO in Rel-10, rather than in Rel-9.

4 Conclusions
We summarize the discussions in this contribution below:
· For SU-MIMO for enhanced DL beamforming transmission mode, we may consider DCI format 2A for normal transmission grants, and DCI format 1A for fallback transmission grants.

· In FDD, we need CQI/PMI/RI feedback, where we may have up to two CQI values depending on the recommending rank of a UE. On the other hand, in TDD, we need CQI/RI feedback, where we could consider TxD based one CQI value; the necessity of PMI FFS.
· For introducing explicit MU-MIMO in Rel-9, we need more evaluation results for justification.
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