3GPP TSG RAN WG1 Meeting #48bis
R1-071556
St. Julians, Malta, March 26 – 30, 2007
Agenda Item:
7.11.2
Source: 
LG Electronics
Title:
Consideration on control signalling for MIMO-HARQ in E-UTRA downlink
Document for:
Discussion
1 Introduction
To meet the system requirement of LTE, RAN WG1 adopted technologies enabling high data rate and high spectral efficiency, such as HARQ and MIMO. For HARQ support, it was agreed that asynchronous-adaptive HARQ is used in DL. Because with the asynchronous-adaptive HARQ scheme, (re)transmissions for a certain HARQ process may occur at any time, it was discussed that control signals should include information related to HARQ. Table 1 is the list of Cat.3 information described in [1], and the size of each field is assumed to be used in this contribution as an example.
Table 1. Information included in control signalling for HARQ
	Field
	Size

	HARQ process number(ID)
	3 bits

	Redundancy version
	2 bits

	New data indicator
	1 bit


It is also necessary to design control signalling for HARQ considering MIMO transmission. However, unlike that of SISO, the amount of bits required for the control signalling varies according to the choice of MIMO schemes such as SU-MIMO or MU-MIMO. For example, in case of MU-MIMO, 3 bits of ‘HARQ process number’ are required to indicate 8 HARQ process as is in the case of SISO. However, for SU-MIMO case with dual streams, 4 bits to 8 bits are needed to represent 16 HARQ processes. Smaller size of control signalling is preferred from the perspective of system overhead, but the flexibility of mapping ‘HARQ process number’ and codeword would be limited. In this contribution, four possible ways to design control signalling related HARQ SU-MIMO are introduced with the consideration of both system overhead and flexibility.
2 Required HARQ process signals for MIMO modes

There are two types of MIMO scheme in E-UTRA DL, SU-MIMO and MU-MIMO. In SU-MIMO mode, eNodeB allocates different two streams to an UE. On the other hand, in MU-MIMO, different streams are allocated to different UEs[2]. Figure 1 shows SU-MIMO with MCW (Multiple CodeWord) which indicates that multiple encoded streams of data are simultaneously transmitted to a single user. As is mentioned in section 1, the number of bits required to represent ‘HARQ process number’ varies according to the type of MIMO. To estimate the number of ‘HARQ process number’, we consider two cases, MCW SU-MIMO and MU-MIMO, with the assumption that maximum number of HARQ process in a RTT is 8, which is still remaining issue.
MCW SU-MIMO case

When full flexibility for mapping between HARQ process number(ID) and codeword is guaranteed, there are N(N-1)+N combinations of HARQ processes, where N denotes the maximum number of HARQ process in a RTT. The first term, N(N-1) indicates the number of combinations of HARQ processes when two different HARQ processes are transmitted simultaneously. The second term, N is for the case that only one HARQ process is transmitted with the rank of one. Because in MCW SU-MIMO, two streams are transmitted to a user with multiple antennas at the same time as shown in Figure 1, the N is two times as large as that of SISO. Therefore, with 16 HARQ processes at most as shown in Figure 2, the number of total combinations of HARQ processes is 256(=16ⅹ15+16) which can be signalled with 8 bits. In addition, 2 bits of redundancy version and 1 bit of new data indicator are required per stream. In all, 14 bits(8 + (2+1)ⅹ2) of information are necessary to support two streams in MCW SU-MIMO.
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Figure 1. MCW SU-MIMO
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Figure 2. The HARQ processing of MCW SU-MIMO
MU-MIMO case

In MU-MIMO mode, because one stream is allocated to a user as shown in Figure 3, there is no difference with SISO case from the perspective of HARQ, resulting in same amount of bits for HARQ control information in Table 1.
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Figure 3. MU-MIMO case (4 Tx)
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Figure 4. HARQ processing for 4Tx MU-MIMO
3 HARQ process signalling for MCW SU-MIMO

In MCW SU-MIMO, the required amount of control signalling for HARQ processes will increase exponentially as the number of maximum HARQ processes increases, when full flexibility of mapping between ‘HARQ process number’ and codeword is guaranteed. However, with rules of mapping ‘HARQ process number’ to codeword, the amount of control signalling can be reduced if necessary. In this regard, four possible options are given to manipulate signalling overhead and flexibility.
Option 1 (Full flexibility)
For full flexibility for mapping between ‘HARQ process number(ID)’ and codeword, it is required the ability to signal 16 values for a stream and 15(=16-1) values for another stream because the same HARQ process would not be able to be active simultaneously[3]. We also require the ability to signal 16 values when only one stream is transmitted. Hence, total combinations of HARQ process is 256 which can be signalled with 8bits.

Option 2 (Minimum flexibility)
In [4], the available HARQ processes are grouped into pairs, denoted {1a, 1b} etc, so that there is a one-to-one mapping between the HARQ process used for the primary transport block and the HARQ process used for the secondary transport block. This means that only one ‘HARQ Process number(ID)’ would need to be signalled for a dual-stream transmission, thus limiting the number of bits required to just 3[5]. For the indication of rank one which means only one stream is transmitted, additional one bit is required. As a result, 4 bits of HARQ process number(ID) are required for control signalling. From the view point of signalling overhead, this scheme is extremely efficient. However, because of lack of flexibility in scheduling, it is not adequate to support asynchronous HARQ scheme.
Option 3 (Partial flexibility 1)

In [3], it was proposed to allocate half of the available HARQ processes to each stream. For example, among given 16 HARQ processes, HARQ processes 0-7 are allocated to a stream, and HARQ processes 8-15 are allocated to another stream. The combinations of HARQ processes is (N/2)2+N. The number of combinations of HARQ processes decreases from 256 to 80(= 8ⅹ8 + 16) compared to the Option 1 which supports full flexibility. This scheme is efficient in that required number of bits for HARQ signalling is reduced by 1 bit, because 80 combinations can be signalled with 7 bits.

Option 4 (Partial flexibility 2)

Another method of reducing control signalling bits is to allocate half of available HARQ processes to each stream and to enable to pair one HARQ process in one stream only with some of HARQ process in another stream. For example, among given 16 HARQ processes, HARQ processes 0-7 are allocated to a stream, stream A, and HARQ processes 8-15 are allocated to another stream, stream B. A HARQ process in stream A is paired with one of 6 HARQ processes rather than 8, as shown in Figure 5. This scheme can reduce additional 1 bit with maintaining similar degree of flexibility of option 3.

[image: image5.emf]0

8

9

10

11

12

13

Stream 

A

Stream 

B

1

9

10

11

12

13

14

Stream 

A

Stream 

B

2

10

11

12

13

14

15

Stream 

A

Stream 

B

3

8

11

12

13

14

15

Stream 

A

Stream 

B

4

8

9

12

13

14

15

Stream 

A

Stream 

B

5

8

9

10

13

14

15

Stream 

A

Stream 

B

6

8

9

10

11

14

15

Stream 

A

Stream 

B

7

8

9

10

11

12

15

Stream 

A

Stream 

B

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

[Dual stream case]

[one stream case]


Figure 5. HARQ process number combinations of option 4

4 Conclusion
In this contribution, four options are compared to investigate the trade-off between signalling overhead and flexibility of mapping HARQ processes to codeword. In MCW SU-MIMO, as is mentioned in session 3, the amount of control information can be reduced at the expense of flexibility in some degree. In the case that the number of bits for L1/L2 control signalling is required to be limited to minimize signalling overhead for high data throughput, it seems reasonable to use one of option 3 or 4 depending on the number of bit allowed. Furthermore, it is not expected that these options degrade system throughput due to constraint on flexibility of mapping ‘HARQ process number’ and codeword, because the reduced flexibility might be compensated with other schemes such as link adaptation, rank adaptation and HARQ MIMO scheme. But it is necessary to consider whether the restrictions would place on the scheduler are acceptable.
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