3GPP TSG RAN WG1 Meeting #82
R1-154601
Beijing, China, August 24-28, 2015
Agenda Item:
7.2.1.5
Source:
Huawei, HiSilicon

Title:
CQI and MCS tables
Document for:
Discussion and decision
1 Introduction
In RAN1#80bis, it was concluded to study whether the existing CQI table is sufficient for the Rel-13 MTC WI, and this includes studying whether extension to the existing table is needed and, if so, how they might be defined for multi-subframe repetition transmission. In RAN1#81, the following related agreement was reached:

Agreements:
· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

· FFS: M is semi-statically, UE-specifically, configured, or fixed
· FFS: if and how the extension is configured
· FFS: Whether to use existing or updated CQI table 

· FFS: Entries are interpreted as corresponding to PDSCH reception over the multiple subframes M

2 Discussion

2.1 CQI table
A UE not operating CE reports the highest CQI for which it can provide a 10% BLER on PDSCH in one valid DL subframe. The details of how the UE achieves this are not known to the eNB, and are a matter of UE implementation. The eNB is not obliged to follow the CQI provided by the UE, and uses DCI to indicate the MCS/TBS actually used per subframe. The reference resource use by a UE operating CE is extended so that M>1 subframes are used, at least for UEs with a small downlink CE requirement.
2.1.1 CQI calculation basis

With the exception of the early stages of the random access procedure, configuration of the number of repetitions and the number of PRBs per subframe is up to the eNB. Work remains for RAN1 and RAN2 to decide the methods and granularity of this signaling, but for PDSCH and PUSCH it essentially provides an amount of resource allocated to a UE over time. In that respect, the UE has no information in advance on how many subframes it will be instructed to send repetitions in, nor in which and how many PRBs. This is before the UE is able to incorporate predictions for frequency hopping, PSD boosting, enablement of denser DM-RS, etc. The new configuration of M subframes, with entries interpreted for repeated PDSCH reception, removes the uncertainty from the UE’s calculation in CE and ensures the eNB and UE have an aligned understanding of how the CQI is calculated.
For this reason, it is much more robust for the eNB to take the CQI report from an MTC UE, defined in 1 or M subframes, and calculate the MCS/TBS to use based on the time and frequency resource it is actually able to allocate to the UE along with the rest of the scheduling and configuration parameters of the cell or narrowband. Any newly extended CQI table used by an MTC UE could not account for the full range of eNB CE possibilities, since UE would still send just one new entry, and the eNB would anyway have to make some prediction of UE performance according to the repetition levels it was able to schedule, while having no information on what assumptions the UE had made regarding imminent eNB behavior.
2.1.2 CSI measurement procedure

It was agreed at RAN1#81 that CSI measurements can be restricted to a subset of the available narrowbands. This is to account for the fact that the MTC UE may need several subframes to measure the system bandwidth and will have a set of narrowband measurements to inform to the eNB, rather than sub-bands based on the system bandwidth as currently. In any case, these changes do not appear to motivate a new CQI table for MTC. An alternative is to introduce a new CQI table for each possible PDSCH repetition level and each PUSCH repetition level, but if the UE uses one table at a given time, this would only provide CQI at the particular corresponding repetition level. If the UE had to provide CQI based on each table, it would represent a significant increase in the feedback signaling load.
2.1.3 Large coverage enhancement scenarios

It is already agreed that periodic CQI is supported except when the coverage enhancement is large. Aperiodic CQI could be requested by eNB when the UE has a large CE need, but this is not very practicable considering the very large DL overhead to transmit the trigger, and the large UL resource to send the report. There is little need to request aperiodic CQI in these cases since if the UE is remaining in poor coverage it is because it is not moving, and the eNB can assume a static coverage situation with corresponding scheduling. Overall, as repetition becomes more necessary, there is less CQI being sent to eNB, so little need to create new CQI entries for this purpose. Around the boundary of large CE requirement, the UE behavior relating to the stopping or re-starting of periodic CQI would provide sufficient information to the eNB on the UE’s transition since there would be some common assumption of the level at which the transition occurred. See [1] and [2] for related discussion.
2.1.4 Summary

In summary, it appears that although it is possible to describe CQI optimizations, there is no clear advantage to introduce any new CQI entries for MTC UEs, and that the exact operation of CQI is subject to a few other parts of the WI. The unused 64-QAM entries in the table can simply be left unused.

Proposal 1:
Working assumption: The existing CQI table not including 256-QAM is used for UEs operating coverage enhancement. The working assumption can be re-visited at the end of the work item.

Proposal 2:
A UE operating CE interprets the entries in the CQI table as corresponding to PDSCH reception over the multiple subframes M.

2.2 MCS and TBS tables

Since there is no need to change the CQI table, there is likewise no need to change the (MCS, TBS) mapping table for DL-SCH or UL-SCH. The 64-QAM entries can be retained unused, since their removal would reduce 32 states to 19 states (DL-SCH) or 22 states (UL-SCH), and hence would save no signaling bits.
Proposal 3:
Working assumption: The existing MCS table not including 256-QAM is used for UEs operating coverage enhancement. The working assumption can be revisited at the end of the work item.

Having DL-SCH TBS range from 0-15, and UL-SCH TBS range from 0-19, with up to 6 PRBs means the following green portions of the existing single-layer TBS table are implied:

Table 1: Supported DL-SCH TBS entries
	
[image: image1.wmf]TBS

I


	
[image: image2.wmf]PRB

N



	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	 7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032

	11
	176
	376
	584
	776
	1000
	1192

	12
	208
	440
	680
	904
	1128
	1352

	13
	224
	488
	744
	1000
	1256
	1544

	14
	256
	552
	840
	1128
	1416
	1736

	15
	280
	600
	904
	1224
	1544
	1800


Table 2: Supported UL-SCH TBS entries
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	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	 7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032

	11
	176
	376
	584
	776
	1000
	1192

	12
	208
	440
	680
	904
	1128
	1352

	13
	224
	488
	744
	1000
	1256
	1544

	14
	256
	552
	840
	1128
	1416
	1736

	15
	280
	600
	904
	1224
	1544
	1800

	16
	328
	632
	968
	1288
	1608
	1928

	17
	336
	696
	1064
	1416
	1800
	2152

	18
	376
	776
	1160
	1544
	1992
	2344

	19
	408
	840
	1288
	1736
	2152
	2600


These sub-sections of the tables give a good range and granularity of TBS values. Note particularly for UL-SCH that QPSK spans 0 ≤ ITBS ≤ 10, so for MTC traffic with an UL dominated profile, the existing design has good features.
As with CQI, although some optimizations might be described for new entries in TBS tables, the need and benefit is not clear over the flexibility provided in the existing specifications.

Proposal 4:
Working assumption: The existing single-layer TBS table is used for UEs operating coverage enhancement. The working assumption can be re-visited at the end of the work item.

3 Conclusions
In this paper we discussed whether the existing CQI, MCS, and TBS tables are sufficient for UEs operating coverage enhancements, in light of recent agreements. We conclude that it appears they are sufficient, and no extensions or new entries are needed.
Proposal 1:
Working assumption: The existing CQI table not including 256-QAM is used for UEs operating coverage enhancement.

Proposal 2:
A UE operating CE interprets the entries in the CQI table as corresponding to PDSCH reception over the multiple subframes M.

Proposal 3:
Working assumption: The existing MCS table not including 256-QAM is used for UEs operating coverage enhancement.

Proposal 4:
Working assumption: The existing single-layer TBS table is used for UEs operating coverage enhancement.

The working assumptions can each be revisited at the end of the work item.
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Annex
For reference, we include the current non-256-QAM CQI table.

Table 3: Non-256-QAM 4-bit CQI table (Table 7.2.3-1 from TS36.213).

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547
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