Page 1

3GPP TSG RAN WG1 Meeting #80bis















R1-151428
Belgrade, Serbia, 20th – 24th April 2015
Source: 
Intel Corporation 
Title:
On the supported TMs and CQI definition for 256QAM with 4x4 MIMO for new Rel-12 UE categories
Agenda item:
    7.1
Document for:
Discussion and Decision
1 Introduction
In RAN67 a two new UE categories with 750/800Mbps and 1Gbps data rates has been agreed for the specification in Rel-12 [1]. Similar to other UE categories defined in Rel-12, support of 750/800Mbs and 1Gbs can be achieved by using combinations of carrier aggregation, MIMO and higher order modulation features. More specifically, the combination of 4x4 MIMO and 256QAM was proposed in [2] to achieve 1Gbps data rate:
· 1CC 4x4 MIMO 256QAM, 3CC 2x2 MIMO 256QAM

· 2CC 4x4 MIMO 256QAM, 1CC 2x2 MIMO 256QAM

It should be noted that support of 4x4 MIMO for all UE categories (except UE category 5) is currently limited to the transmission modes (TM) 9 and 10 and can’t be used for other, e.g., CRS-based transmission modes. However, considering the reference signal overhead and channel estimation performance, enabling of 4x4 MIMO, e.g. for TM 3 and 4 is required. 
Considering support of 4x4 MIMO in TM9 and TM10, RAN1 discussion in Rel-12 for 256QAM in this MIMO scenario has been limited. As the result, as shown in this contribution, the current mechanism of 256QAM CQI reporting is not sufficiently optimized to facilitate practical use of 4x4 MIMO and 256QAM combination with DM-RS based transmission modes (TM9 and TM10). More specifically, the overhead assumptions taken in the Rel-12 design of 256QAM TBS tables is significantly lower than the overhead assumption defined in Rel-10 for CQI calculation in 4x4 MIMO with DM-RS based TMs. As the result several CQI entries in CQI table are mapped to the same MCS index and, therefore, if reported becomes useless for the eNB to distinguish different link quality. In this contribution we propose to discuss possible approach that may be considered to solve this issue and enable more efficient CQI reporting for 4x4 MIMO with 256QAM in TM 9 and 10. 
2 Supported transmission modes for 4x4 MIMO
In accordance to RAN1/RAN2 specifications, support of 4x4 MIMO is only applicable to transmission modes 9 and 10. One of the reason to define this restriction in Rel-10 was to avoid the ambiguity in the rate matching and RI reporting between Rel-8 and Rel-10 UE categories without explicit eNB signalling on the supported release. This approach however has limitations of not supporting 4x4 MIMO for other transmission modes. At the same time, considering the reference signal overhead and channel estimation performance, enabling of 4x4 MIMO for CRS-based transmission modes is also required. For that purpose configuration of 256QAM (i.e. altCQI-Table-r12) on the downlink cell may be considered as another approach to resolve the ambiguity in the rate matching and RI reporting between Rel-8 and Rel-10 UE categories without explicit eNB signalling on the supported release. Based on the discussion above the following proposal can be made:
Proposal:

· For new Rel-12 UE categories, enable support of 4x4 MIMO with 256QAM for CRS-based TM 3 and 4 

· Inform RAN2 in the LS that support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category in the UE-EUTRA-Capability IE is also applicable to transmission mode 3 and 4, when DL cell is configured by higher layers with altCQI-Table-r12.
3 CQI definition for 256QAM and 4x4 MIMO
In accordance to TS 36.213 the CQI is defined as the best combination of modulation and transport block size that can be used for the downlink transmission to provide the transport block error rate of less than or equal to 0.1 by using the same modulation order as defined for the CQI index and by using the transport block size in accordance to the MCS. TS 36.213 also defines the overhead assumptions that should be considered for CQI calculation. More specifically, for the UE configured in TM 9 and 10 the overhead from UE-specific RS should be counted in accordance to the RI report (when PMI/RI reporting is configured), CRS overhead should be in accordance to CRS configuration at the serving cell and control channel overhead is fixed to 3 OFDM symbols. For example, in TM9 and 10 for CQI reports with RI = 3, 4 the number of PDSCH REs available in the RB is just equal 96 REs and 92 REs for 2 and 4 CRS antenna ports respectively. 
The overhead assumption used in the design of new TBS entries corresponding to 256QAM agreed in RAN1#76bis meeting [3] is largely different. In accordance to the agreement, except for the last row in CQI table, the number of RE per RB is 120 REs and for last row 136 REs per RB to get a higher peak data rate with 256QAM. In this case, as can be seen from Table 1, the coding rates corresponding to different MCS with the overhead assumption specified for CQI (assuming RI = 3, 4 reporting) is much higher than expected coding rates for the MCS. Due to the high coding rates (e.g. above 0.92), several of the MCS/TBS indexes corresponding to 256QAM becomes unusable at the UE.
Table 1: Coding rates for MCS with 256QAM in TM9 and 10 and overhead defined for CQI

	MCS
	Modulation
	Code rates

	
	
	2 CRS ports
	4 CRS ports

	0
	2 
	    0.1444
	    0.1507

	1
	2 
	    0.2381
	    0.2485

	2
	2 
	    0.3825
	    0.3991

	3
	2 
	    0.5369
	    0.5602

	4
	2 
	    0.7379
	    0.7700

	5
	4 
	    0.4578
	    0.4777

	6
	4 
	    0.5108
	    0.5330

	7
	4 
	    0.5905
	    0.6162

	8
	4 
	    0.6644
	    0.6933

	9
	4 
	    0.7466
	    0.7790

	10
	4 
	    0.8029
	    0.8378

	11
	6 
	    0.5781
	    0.6032

	12
	6 
	    0.6399
	    0.6677

	13
	6 
	    0.6832
	    0.7129

	14
	6 
	    0.7633
	    0.7965

	15
	6 
	    0.8142
	    0.8496

	16
	6 
	    0.8840
	    0.9225

	17
	6 
	    0.9560
	    0.9976

	18
	6 
	    0.9986
	    1.0420

	19
	6 
	    1.0804
	    1.1274

	20
	8 
	    0.8366
	    0.8729

	21
	8 
	    0.8672
	    0.9049

	22
	8 
	    0.9261
	    0.9664

	23
	8 
	    0.9561
	    0.9977

	24
	8 
	    1.0249
	    1.0695

	25
	8 
	    1.0531
	    1.0989

	26
	8 
	    1.1038
	    1.1518

	27
	8
	    1.2748
	    1.3303


Considering eNB side, Table 2 shows the CQI-to-MCS mapping for 256QAM CQI table assuming RI = 3, 4 reporting. It can be seen that there is large fraction of the CQI which are mapped to the same MCS index making noticeable part of the CQI entries useless at the eNB. For example, CQI report with index 12, if received at the eNB, could not distinguish the downlink link quality difference with CQI report 13, since it will be mapped to the same MCS index 11 at the eNB. The same issue hold for CQI indices {1,2}, {4,5} and {12,13,14}.
Table 2: CQI-to-MCS mapping for 256QAM and TM9, 10
	CQI
	Modulation
	code rate
	2 CRS ports
	4 CRS ports

	1
	2
	0.0762
	0
	0

	2
	2
	0.1885
	0
	0

	3
	2
	0.4385
	2
	2

	4
	4
	0.3691
	5
	5

	5
	4
	0.4785
	5
	5

	6
	4
	0.6016
	7
	7

	7
	6
	0.4551
	11
	11

	8
	6
	0.5537
	11
	11

	9
	6
	0.6504
	12
	12

	10
	6
	0.7539
	14
	13

	11
	6
	0.8525
	16
	15

	12
	8
	0.6943
	20
	20

	13
	8
	0.7783
	20
	20

	14
	8
	0.8643
	21
	20

	15
	8
	0.9258
	22
	21


Based on the discussion above it seems necessarily to introduce some changes in the CQI definition to support 4x4 MIMO with 256QAM in TM 9 and 10 in more efficient manner. Although this change may be considered as non-essential, this optimization is required to enable practical use of this feature for new UE categories. Therefore, we propose to discuss in RAN1 a possible changes in CQI definition, e.g. by using reduced control signalling overhead, to better match CQI and MCS/TBS tables and achieve one-to-one mapping between CQI and MCS entries as much as possible:
Proposal:
· Discuss whether modification in overhead assumption for CQI with 4x4 MIMO, 256QAM and TM9, 10, is required, e.g., by using lower control channel overhead.
Table 3 shows the CQI-to-MCS mapping for 256QAM CQI table assuming RI = 3, 4 reporting and reduced control signalling overhead from 3 to 2 OFDM symbols. It can be seen that one-to-one mapping between CQI and MCS entries can be achieved for almost entire CQI table. It also enables use of the additional MCS entries at the UE for CQI reporting. 
Table 3: CQI-to-MCS mapping for 256QAM and TM9, 10

	CQI
	Modulation
	code rate
	2 CRS ports
	4 CRS ports

	1
	2
	0.0762
	0
	0

	2
	2
	0.1885
	1
	1

	3
	2
	0.4385
	3
	3

	4
	4
	0.3691
	5
	5

	5
	4
	0.4785
	6
	6

	6
	4
	0.6016
	8
	8

	7
	6
	0.4551
	11
	11

	8
	6
	0.5537
	12
	11

	9
	6
	0.6504
	14
	13

	10
	6
	0.7539
	15
	15

	11
	6
	0.8525
	17
	17

	12
	8
	0.6943
	20
	20

	13
	8
	0.7783
	21
	20

	14
	8
	0.8643
	23
	22

	15
	8
	0.9258
	25
	24


4 Summary

In this contribution we have discussed support of 256QAM with 4x4 MIMO for new Rel-12 UE categories. Based on the discussion it has been proposed to introduce support of 4x4 MIMO for transmission mode 3 and 4 when 256QAM CQI table is configured in the downlink cell. In addition for 256QAM with 4x4 MIMO in DM-RS based TMs it has been also proposed to discuss possible change in CQI definition by reducing control signalling overhead. This change is required to better match CQI and MCS/TBS tables and achieve one-to-one mapping between CQI and MCS indices as much as possible and, therefore, enabling more efficient support of 4x4 MIMO with 256QAM for a new Rel-12 UE categories. The more detailed proposals are provided below:
Proposals:

· For new UE categories, enable support of 4x4 MIMO with 256QAM for CRS-based TM 3 and 4 

· Inform RAN2 in the LS that support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category in the UE-EUTRA-Capability IE is also applicable to transmission mode 3 and 4 configured by higher layers with altCQI-Table-r12 for the DL cell.
· Discuss whether modification in overhead assumption for CQI with 4x4 MIMO, 256QAM and TM9, 10, is required, e.g., by using lower control channel overhead.
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