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1. Introduction
E-UTRA downlink supports several different transmission modes employing multiple-antenna techniques. Two main SU-MIMO modes for PDSCH are available

· Transmit diversity

· Precoded and rank adapted spatial multiplexing

The selection of a transmission mode is semi-statically configured and UE specific. Both 2 Tx and 4 Tx versions of these modes are supported. Although the transmission modes are more or less decided, much of the details concerning signaling of multi-antenna related information, in downlink as well as in uplink, remain to conclude on. The key is to find a suitable trade-off between signaling overhead and performance. In this contribution we focus on the multi-antenna related downlink signaling in the scheduling assignment.

Extensive offline discussions on the contents of the downlink scheduling assignment took place in TSG RAN1 meeting #50 and they form the basis of the discussion to follow. The outcome is summarized in ‎[1] and reproduced in Table 1 for easy reference.

Table 1: Outcome of offline discussions on downlink scheduling assignment.

	Field
	Bits
	Comment

	General
	RB assignment
	?
	Number of bits depends on the resource indication scheme selected (if necessary, includes any explicit info to handle distributed transmission)

	
	CRC 
	16-20
	MAC ID implicitly encoded in the CRC. The MAC ID is 16 bits.

	
	TPC
	2-4
	Power control of PUCCH

	First transport block
	Transport format
	4-7
	· Approach 1: signal MCS, compute transport block size from resource block assignment

· Approach 2: signal transport block size index and modulation scheme, compute code rate and actual transport block size from resource block  assignment (similar to HSDPA)

	
	Hybrid ARQ process number
	3-4 (FDD)

max 4 (TDD)
	Depends on the number of HARQ processes used, TDD may need a larger/smaller number than FDD for certain allocations ( different PDCCH sizes for FDD and TDD

	
	Retransmission sequence number (RSN)
	2-3
	· Approach 1: RSN (2bits) doubles as new data indicator (=0 indicates new data, >0 indicates retransmission) and redundancy version.

· Approach 2: Separate new data indicator (1 bit) and redundancy version (2 bits)

	Information needed for spatial multiplexing SU-MIMO support

Information needed for MU-MIMO is FFS

	Second transport block (MIMO support)
	Number of layers
	0-2
	1, 2, 3 or 4 layers (4 Tx eNodeB) or 1, 2 layers (2 Tx eNodeB)

The need depends on the rank adaptation scheme adopted. 

	
	Transport format
	3-7
	· Approach 1: signal MCS, compute transport block size from resource block assignment

· Approach 2: signal transport block size index and modulation scheme, compute code rate and actual transport block size from resource block  assignment (similar to HSDPA)

· Approach 3: obtained relative to the transport format for the first code word

	
	Hybrid ARQ process number
	0 - 4 (FDD)

0 or max 5 (TDD)
	According to minutes from RAN1#47bis, there is full flexibility in mapping between HARQ process and codewords. The understanding of “full flexibility” was different between companies.  To be considered if the process number could be derived from first transport block e.g. as in Rel-7.

	
	Retransmission sequence number (RSN)
	0-3
	· Approach 1: RSN (2bits) doubles as new data indicator (=0 indicates new data, >0 indicates retransmission) and redundancy version.

· Approach 2: Separate new data indicator (1 bit) and redundancy version (2 bits)

	
	Precoding information
	?
	Contents unclear – need further discussions. 

	
	
	
	


2. HARQ Signaling for Spatial Multiplexing

Up to two transport blocks can simultaneously be transmitted in the spatial multiplexing mode. This is regardless of whether NodeB uses 2 Tx or 4 Tx antennas. Inspired by ‎[2], let’s for illustrative purposes assume we have eight HARQ processes. In the downlink scheduling assignment, this would hence mean 3 bits would be needed for the HARQ process number in case of a single transport block. 

The question is then what to signal when two transport blocks are simultaneously transmitted. One approach would be to use separate process numbers for the two transport blocks. This would however double the overhead to six bits. Maximum scheduling flexibility is achieved but it is not clear that the flexibility gives any significant benefits in terms of performance justifying the substantial increase in overhead. 

To reduce the overhead, it seems appealing to reuse the approach from MIMO HSDPA of having a shared main process number for both transport blocks and then let the first and second transport block correspond to subprocess A and B, respectively.  An illustration of such HARQ functionality is provided in Figure 1. A major advantage is of course that the process number field remains at 3 bits, thus saving 3 bits of overhead compared with a separate process number approach. A possible drawback is that the scheduling flexibility is reduced. Consider again Figure 1 which shows a situation in which a shared process number may result in some unused resources if the channel rank is time-varying. In case of separate process numbers, the unused layers could have been used for scheduling another process, e.g. 2A. This flexibility is however in practice more difficult to utilize than it seems at a first glance because transport blocks originating from different subframes may differ substantially in number of allocated RBs. Since co-scheduled codewords must share the same RBs, co-scheduling such retransmissions would in many cases be outruled anyway because it would imply extreme rate matching ratios, greatly reducing the usefulness of the retransmission.
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Figure 1: Shared process numbers with sub-processes A and B.
Regardless of the process number approach, for retransmissions there is a need to swap the transport blocks so that the HARQ sub-process A and B may alternatively be associated with codeword 2 and 1, respectively. This provides the ability to cope with time-varying CQI situations in where by the time of retransmission, the codeword with the previously highest CQI then has the lower CQI.

Although it has been claimed that the point

· Full flexibility for mapping between HARQ process ID and CW (working assumption)
in the MIMO session summary of TSG RAN1 #47bis ‎[3] implies separate HARQ process numbers, we believe it refers to the above way of swapping the transport blocks. This is also indicated by the context in which the working assumption appears in - codeword to layer mapping discussions, which did not focus on HARQ operation and the in that case relevant timing related events. 

Each transport block seems to need a separate retransmission sequence number. In case of situations where the channel supports multiple layers for a long time, this would enable uninterrupted transmissions on all layers.

This section explained our view on HARQ for spatial multiplexing and we believe it corresponds to a reasonable trade-off between signaling overhead and scheduling flexibility.

3. Signaling for Precoding Information

The UE needs to know which precoders have been used in the downlink. Currently, there is a working assumption on the support of frequency selective precoding. To avoid excessive signaling overhead when using such a feature, it has been proposed to only signal whether the NodeB uses the latest frequency selective precoders recommended from the UE or not. A single bit could for example be used for the purpose of precoder report verification ‎[4]. A whole bit however seems wasteful in view of that only a few messages are needed. These additional messages should include support for rank override in conjunction with precoder report verification.  Such messages can for example inform the UE that only a (frequency independent) subset of the columns of the recommended precoders where used.

The NodeB would typically not follow the UE recommendation if it detects an error in the precoder reporting. If this is the case, a certain fixed precoder, known to both the NodeB and the UE could be used. This incurs minimum signaling overhead but has the drawback of significantly limiting the ability of the NodeB to compensate for erroneous precoder reporting. Explicit signaling of a single precoder therefore seems to be a reasonable compromise that would allow the NodeB to make a decent choice of precoder even without a correct frequency-selective precoder report. Old reports could be used to assist the NodeB in the choice of the single precoder. Uplink data could also be used (e.g. direction of arrival based methods and/or channel reciprocity in TDD) for selecting a suitable precoder. For this reason, we believe it is justifiable to spend some bits on signaling a single precoder in the downlink.

4. Examples of Overhead Estimates for Different Transmission Modes

This section attempts to estimate downlink signaling requirements for the first transmission attempt for a number of different transmission modes. The exact number of bits for each entry is still under investigation so some of the listed values should be treated as approximate and thus only indicative. Still, as will be evident in the following, the intent is to illustrate that the downlink scheduling assignment is likely to vary a great deal in size depending on the transmission mode and this is probably the case even if somewhat different underlying numbers would be used
4.1. Single Tx, 2 Tx SFBC or 4 Tx SFBC+FSTD
	Field
	Bits
	Comment

	First transport block
	Transport format
	6
	

	
	HARQ process number
	3
	Assuming FDD

	
	RSN
	2
	

	Total
	
	11
	


4.2. 2 Tx Spatial Multiplexing with Rank {1, 2} Adaptation

	Field
	Bits
	Comment

	First transport block
	Transport format
	6
	

	
	HARQ process number
	3


	Assuming FDD

	
	RSN
	2
	

	Information needed for spatial multiplexing SU-MIMO support

	Second transport block (MIMO support)
	Precoder (including number of layers and follow precoder recommendation flag)
	3.32
	Corresponds to log2(10). 

2 tx codebook - 9 hypotheses

Follow UE precoder recommendation - 1 hypothesis 

	
	Transport format
	3
	· Approach 3: obtained relative to the transport format for the first code word

	
	HARQ process number
	0
	Similar to HSDPA so no extra signaling required

	
	RSN
	2
	

	
	Total
	19.32
	


4.3. 2 Tx Spatial Multiplexing with Rank 1

	Field
	Bits
	Comment

	First transport block
	Transport format
	6
	

	
	HARQ process number
	3


	FDD

	
	RSN
	2
	

	Multi antenna related

	
	Precoder (including number of layers and follow precoder recommendation flag)
	2.81
	Corresponds to log2(7). 

2 tx codebook - 6 hypotheses

Follow UE precoder recommendation - 1 hypothesis 

	
	Total
	13.81
	


4.4. 4 Tx Spatial Multiplexing with Rank {1, 2, 3, 4} Adaptation

	Field
	Bits
	Comment

	First transport block
	Transport format
	7
	Each codeword can now be mapped to two layers => twice as large transport block size

	
	HARQ process number
	3


	Assumes FDD

	
	RSN
	2
	

	Information needed for spatial multiplexing SU-MIMO support

	Second transport block (MIMO support)
	Precoder (including number of layers and follow precoder recommendation flag)
	6.02
	Corresponds to log2(65). 

4 tx codebook - 64 hypotheses

Follow UE precoder recomendation - 1 hypothesis 

	
	Transport format
	4
	Approach 3: obtained relative to the transport format for the first code word

Each codeword can now be mapped to two layers => twice as large transport block size

	
	HARQ process number
	0
	Similar to HSDPA so no extra signaling required

	
	RSN
	2
	

	
	Total
	24.02
	


4.5. 4 Tx Spatial Multiplexing with Rank {1, 2} Adaptation

	Field
	Bits
	Comment

	First transport block
	Transport format
	6
	Max one layer per codeword

	
	HARQ process number
	3


	Assumes FDD

	
	RSN
	2
	

	Information needed for spatial multiplexing SU-MIMO support

	Second transport block (MIMO support)
	Precoder (including number of layers and follow precoder recommendation flag)
	5.04
	Corresponds to log2(33). 

4 tx codebook rank 1 and 2 - 32 hypotheses

Follow UE precoder recommendation - 1 hypothesis 

	
	Transport format
	3
	Approach 3: obtained relative to the transport format for the first code word

Max one layer per codeword

	
	HARQ process number
	0
	Similar to HSDPA so no extra signaling required

	
	RSN
	2
	

	
	Total
	21.04
	


4.6. 4 Tx Spatial Multiplexing with Rank 1

	Field
	Bits
	Comment

	First transport block
	Transport format
	6
	

	
	HARQ process number
	3


	FDD

	
	RSN
	2
	

	Multi antenna related

	
	Precoder (including number of layers and follow precoder recommendation flag)
	4.09
	Corresponds to log2(17). 

4 tx codebook rank 1 – 16  hypotheses 

Follow UE precoder recommendation - 1 hypothesis 

	
	Total
	15.09
	


4.7. Summary of First Transmission Overhead Estimation Examples

	Single Tx, 2 Tx SFBC or 4 Tx SFBC+FSTD
	11

	2 Tx Spatial Multiplexing with Rank {1, 2} Adaptation
	19.32

	2 Tx Spatial Multiplexing with Rank 1
	13.81

	4 Tx Spatial Multiplexing with Rank {1, 2, 3, 4} Adaptation
	24.02

	4 Tx Spatial Multiplexing with Rank {1, 2} Adaptation
	21.04

	4 Tx Spatial Multiplexing with Rank 1
	15.09


Note 1: Size of general part from Table x has not been included in these numbers.

5. Summary and Conclusions

This contribution discussed multiple antenna related content of the downlink scheduling assignment. HARQ operation for two transport blocks in spatial multiplexing mode was considered and we propose to have signaling as listed below

· Shared process number for first and second transport block: e.g. 3 bits

· First and second transport block corresponds to sub-process A and B similarly as in MIMO HSDPA

· Should be possible to swap 1st and 2nd transport block in codeword to layer mapping: 1 bit

· Present for retransmission only

· Separate retransmission sequence number (RSN) for each transport block: e.g. 2 + 2 bits with approach 1

Precoder information was also treated and if frequency-selective precoding is supported we propose that such support is achieved by

· Explicit signaling of a single precoder

· Follow UE precoder recommendation flag

· Corresponds to one hypothesis/message and hence does not require a whole bit of its own

· Indicates to UE when NodeB has used latest UE frequeny-selective precoder recommendation supporting reliable error detection

· Assumes errors on precoder reporting can be reliably detected

· Additional messages that provide the ability to efficiently support rank override when UE precoder recommendation is to be followed.

· Example message for 2 Tx: Override to rank 1 and use first codeword for transmission (i.e., column one of recommended precoders)

· Example message for 2 Tx: Override to rank 1 and use second codeword for transmission (i.e., column two of recommended precoders)

Finally, the size of the scheduling assignment for different plausible transmission modes was investigated by means of some examples for illustration. From the summary in ‎Section 4.7, we see that the size (excluding the general part from Table 1) may vary significantly from 11 (single Tx) to 24 bits (4 Tx, four layers). Single layer transmission is in general important for cell-edge data rates where coverage of control signaling might be an issue. This motivates the presence of one or several single layer specific size(s). We thus believe 

· There needs to be at least different three downlink scheduling assignment sizes corresponding to

· Single Tx or transmit diversity

· Single layer transmission for 2 Tx and 4 Tx

· Possible multi-layer transmission for 2 tx and 4 Tx

· Note that the number of blind decoding attempts of the downlink scheduling assignment does not need to increase since the transmission modes are semi-statically configured.
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