
3GPP TSG-RAN WG1 Meeting 76bis
R1-141212
31 March – 4 April 2014, Shenzhen, China
Source:
Panasonic
Title: 
MCS Indication for 256QAM
Agenda Item:
7.2.4.1
Document for:
Discussion and Decision
1 Introduction
The introduction of 256QAM for PDSCH transmissions is currently discussed at RAN1 within the scope of the Small Cell Enhancement Work Item [1]. Following has already been agreed during RAN1#76 regarding the corresponding MCS and TBS indication and table design [2]:
· Modulation and TBS index table

· Definition of N (N=3 or 4) reserved entries for adaptive retransmission 

· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x
· The need of overlapping spectral efficiency of different modulations is  FFS
· FFS the position of Modulation and TBS entries in the Rel-12 Modulation and TBS table
· TBS table

· Reuse as many as possible of current TBS entries with up to around [2%] average padding aligned with Rel-10 design
· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Working assumption: Use [120 REs] per PRB for all new spectral efficiencies except for the highest spectral efficiency

· FFS: Overhead assumption for the highest spectral efficiency
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
· Use of 256QAM MCS/CQI table can be configured for each configured CC

· 256QAM is supported for all TMs
· Working assumption: 256QAM is supported at least for all DCI formats except for DCI format 1A and 1C, and FFS for DCI format 1A

· In TM10
· FFS: Use of 256QAM MCS table can be configured for the parameter set linked to each PQI field in DCI format 2D
This contribution addresses the open issues regarding MCS table design and indication. CQI related issues of 256QAM are discussed in a companion contribution [3].
2 Discussion
2.1 MCS and TBS Table Design

It seems to be reasonable to support six new MCS and TBS levels for 256QAM in order to provide an equidistant sampling and a maximum code rate 0.93 for 256QAM. For implementation into TS 36.213 [4], the introduction of a new "Modulation and TBS index table for PDSCH" as an adaptation to current Table 7.1.7.1-1 (quoted in the Appendix) would be introduced, with TBS indices 27-32 as shown in Table 2 of the Appendix. The use of the adapted MCS table for 256QAM should be configured by dedicated RRC signalling. The new semi-static higher-layer parameter would therefore tell the UE whether Table 7.1.7.1-1 or the adapted table is used to determine the modulation order and TBS index from the MCS field in the DCI. For the new TBS indices, we think it is straightforward to define corresponding new TBS entries. To this end, Tables 7.1.7.2.1-1, 7.1.7.2.2-1, 7.1.7.2.4-1, and 7.1.7.2.5-1 in [4] could be appended correspondingly.

As we assume that the majority of UEs that can benefit from 256QAM observe a high average SINR and are not very mobile, we consider a semi-static enabling of 256QAM sufficient. Still, we think some robustness should be provided by being able to assign QPSK-based PDSCH transmissions (i.e. corresponding MCS levels) to the UE even if the 256QAM MCS table is enabled, as will be discussed in detail in Section 2.2
In addition to MCS indices for 256QAM that indicate specific transport block sizes depending on the number of assigned RBs, it is also essential to provide an additional MCS index for 256QAM that does not indicate a specific TBS index like MCS index 29, which is used for HARQ retransmissions. A corresponding MCS table example is given in Appendix A.
2.2 Robust PDSCH Transmissions and Small Transport Blocks
Even for UEs with high or very high average SINR levels it might sometimes be required to rely on very robust PDSCH transmissions with QPSK in combination with low code rates. The reasons for this are for example short term SINR fluctuations due to sudden traffic load fluctuations in interfering cells. These fluctuations can be too fast for MCS table reconfigurations based on higher-layer signalling. Another reason would be if momentarily only small transport blocks need to be assigned to such a UE.
It was furthermore discussed during RAN1#76 whether the support of certain transport block sizes optimized for VoIP traffic should be supported in the new MCS table [5].
In the following we discuss different options for supporting robust PDSCH transmissions in terms of QPSK with low code rates and/or transport block sizes optimized for VoIP for UEs configured for 256QAM.
Option A: 
The new MCS table is only used for PDSCH transmissions that are indicated by DCI transmissions in the UE specific search space. 
This approach has disadvantage that PDSCH allocations with robust transmission could only be indicated by PDCCH transmissions with high aggregation level (AL4 and AL8) which could yield a congestions of the common search space. There is furthermore the issue that some ambiguity can occur at the UE regarding the distinction between common and UE specific search space PDCCH transmissions due to overlapping search spaces, especially in case of few available CCEs (small system bandwidth and small CFI value). This solution would also prohibit the indication of robust PDSCH transmissions by EPDCCH as long as there is no common search space support with EPDCCH.
Option B: 
The new MCS table is only used for PDSCH transmissions that are indicated by DCI with CRC scrambled by C-RNTI. 
That means that the robust PDSCH transmission would be restricted to the transmission of system information (SI-RNTI), paging messages (P-RNTI), random access feedback (RA-RNTI), semi-persistent scheduling (SPS-C-RNTI) and PDSCHs indicated by PDCCHs scrambled with the Temporary C-RNTI. It is a reasonable assumption that these transmissions do in general not require 256QAM due to the broadcast nature without UE specific adaptation. However, this approach would prohibit the robust UE specific PDSCH transmissions where it might be required in case of sudden short-term SINR drops or for momentarily assigning small transport blocks.
The Rel-11 specification actually states already that the UE shall assume QPSK if the DCI CRC is scrambled by P‑RNTI, RA-RNTI, or SI-RNTI. Since there is no reason for changing this definition, the effect of Option B for those cases would anyway be achieved.
Option C: 
The new MCS table is only used for PDSCH transmissions that are indicated by DCI formats other than 1A and 1C. 
The latter two DCI formats will indicate MCS levels based on the conventional Rel-11 MCS table (Table 7.1.7.1-1). The use of DCI formats 1A and 1C is anyway intended for indicating robust PDSCH allocations. It is therefore a natural choice to support here low code rate QPSK MCS levels as well. Since each transmission mode allows the transmission of PDSCHs indicated by DCI format 1A, this approach also allows the very robust transmission even for UEs configured for 256QAM.
Based on the discussion above, our preference is to support 256QAM for all DL DCI formats except 1A and 1C. Since each transmission mode supports robust transmissions indicated by DCI format 1A, this effectively also means that each transmission mode covers the whole range of possible MCS levels ranging from low code rate QPSK to high code rate 256QAM and the corresponding transport block sizes. This also means that it is not required to keep certain low code rate QPSK levels in the adapted MCS table since such robust transmissions could still be indicated by DCI format 1A.
Proposal 1: 
When the UE is configured for 256QAM, the new MCS table should be used for all DCI formats other than 1A and 1C for PDSCH transmission. For DCI formats 1A and 1C, the legacy Rel-11 MCS table is always used.
Proposal 2: 
The adapted MCS table for 256QAM is not supporting QPSK modulation with small TBS indices.
2.3 Transmission Mode 10

PDSCH allocation based on DCI format 2D in TM10 make use of the PQI (PDSCH RE Mapping and Quasi-Co-Location Indicator). This indicator is used to distinguish between four RRC configured parameter sets, and each of these parameter sets could be associated to a different transmission point. Since the latter can results in quite different SINR characteristics for the different parameter sets, it is reasonable to extend the parameter set linked to the PQI field by indicating which MCS table should be used on UE side for interpreting the MCS field in DCI format 2D as discussed for example already in [6] and [7]. 
Proposal 3:
The parameter set linked to the PQI field in DCI format 2D should be extended by indication of the used MCS table.
3  Conclusion
In this contribution, we discussed the MCS indication aspect of introducing 256QAM for the downlink in detail. Based on the evaluation of advantages and disadvantages of different possible approaches, we suggest the following:
Proposal 1: 
When the UE is configured for 256QAM, the new MCS table should be used for all DCI formats other than 1A and 1C for PDSCH transmission. For DCI formats 1A and 1C, the legacy Rel-11 MCS table is always used.
Proposal 2: 
The adapted MCS table for 256QAM is not supporting QPSK modulation with small TBS indices.
Proposal 3:
The parameter set linked to the PQI field in DCI format 2D should be extended by indication of the used MCS table.
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Appendix A

	Table 1: Rel-11 MCS table (Table 7.1.7.1-1 in [4])
MCS Index


Modulation Order


TBS Index


0
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0
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1

2

2

2
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2

3
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2

4

5

2

5

6

2

6
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2

7
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2

8
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9
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9
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4

10
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4

11
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4

12
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4
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4

14
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4

15
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4

15
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4

16

19

4

17

20

4

18

21

4

19
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4

20

23

6

21
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6

22

25

6

23

26

6

24

27

6

25

28

6

26

29

2

reserved

30

4

31

6


	Table 2: Adapted MCS table for 256QAM

MCS Index


Modulation Order


TBS Index


0

8

27

1

8
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8
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3

8
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4

8
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5

8
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