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1. Introduction
In RAN1#92 meeting, a work item 1024QAM on support for LTE has been completed [1]. However some of the technical details relevant to 1024QAM are still missing in current specifications. In particular, determination of soft buffer size for the rate matching purposes in case of 1024QAM and DL categories supporting 1024QAM with corresponding physical layer parameters has not been defined yet. In this contribution, we propose details addressing the above issues. In addition, we discuss the benefits of supporting alternative TBS for 1024QAM, which was designed in the work item without considering any target overhead assumption.
2. Discussion
UE DL category for 1024QAM
In Rel-14, LTE supports DL Category 18 (1.2Gbps), DL Category 19 (1.6Gbps) and DL Category 20 (2.0Gbps) with data rate granularity of 400Mbps. In addition, DL Category 21 with data rate of 1.4Gbps was also defined to fill in a relatively large data rate gap between data rates of 1.2Gbps and 1.6Gbps [2]. For Rel-15 DL Categories supporting 1024QAM, we propose to extend the supported data rates by using the same granularity of 400Mbps, by introducing new DL categories 22, 23 and 24 with data rates of 2.4Gbps, 2.8Gbps and 3.2Gbps respectively. 
The examples of number of CC, MIMO layers and modulation order combinations realizing the target data rates for the proposed DL Categories are provided below.
DL Category 22 (2.4Gbps)
· 4CC 4-MIMO layer 1024QAM + 1CC 4-MIMO layer 256QAM
· 6CC 4-MIMO layer 256QAM
· 8CC 4-MIMO layer 64QAM
DL Category 23 (2.8Gbps)
· 5CC 4-MIMO layer 1024QAM + 1CC 4-MIMO layer 64QAM
· 7CC 4-MIMO layer 256QAM
· 8CC 4-MIMO layer 64QAM + 1CC 4-MIMO layer 256QAM
DL Category 24 (3.2Gbps)
· 3CC 4-layer MIMO 256QAM + 1CC 2-layer MIMO 256QAM
· 8CC 4-MIMO layer 256QAM
In addition to the 400Mbps, a data rate grid of 500Mbps can be also considered for 1024QAM, where 500Mbps data rate corresponds to data rate of single CC with 4-MIMO layers and 1024QAM. In this case a new DL Category 25 and DL Category 26 supporting data rates of 3Gbps and 3.5Gbpsrespectively should be also defined in Rel-15 in addition to DL Categories 22, 23 and 24 discussed above. 
The examples of CC, MIMO layer and modulation order combination realizing the corresponding target data rates for the proposed DL Categories with 500Mbps data rate granularity are provided below
DL Category 25 (3Gbps)
· 6CC 4-MIMO layer 1024QAM
· 12CC 2-MIMO layer 1024QAM
DL Category 26 (3.5Gbps)
· 7CC 4-MIMO layer 1024QAM
· 14CC 2-MIMO layer 1024QAM
Summarizing discussion above the following proposal can be made.
Proposal:
· Introduce DL categories 22 (2.4Gbps), 23 (2.8Gbps), 24 (3.2Gbps) 25 (3Gbps) and 26 (3.5Gbps) with 1024QAM in Rel-15
· Send LS to RAN2 to inform about that decision

Physical layer parameters for DL categories
The physical layer parameters for the proposed DL Categories are provided in the table below.  
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	…
	…
	…
	…
	…

	DL Category 22
(2.4Gbps)
	2349504 - 2423232
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM, if tbsIndexAlt3 is not supported)
239656 (4 layers, 1024QAM, if tbsIndexAlt3 is supported)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM, if tbsIndexAlt3 is not supported)
119816 (2 layers, 1024QAM, if tbsIndexAlt3 is supported)
	29233152
	2 or 4 [or 8]

	DL Category 23
(2.8Gbps)
	2697920 - 2826240
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM, if tbsIndexAlt3 is not supported)
239656 (4 layers, 1024QAM, if tbsIndexAlt3 is supported)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM, if tbsIndexAlt3 is not supported)
119816 (2 layers, 1024QAM, if tbsIndexAlt3 is supported)

	34105344
	2 or 4 [or 8]

	DL Category 24
(3.2Gbps)
	3132672 - 3316544
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM, if tbsIndexAlt3 is not supported)
239656 (4 layers, 1024QAM, if tbsIndexAlt3 is supported)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM, if tbsIndexAlt3 is not supported)
119816 (2 layers, 1024QAM, if tbsIndexAlt3 is supported)

	38977536
	2 or 4 [or 8]

	DL Category 25
(3Gbps)
	2875872 - 3019680
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM, if tbsIndexAlt3 is not supported)
239656 (4 layers, 1024QAM, if tbsIndexAlt3 is supported)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM, if tbsIndexAlt3 is not supported)
119816 (2 layers, 1024QAM, if tbsIndexAlt3 is supported)

	[36602208]
	2 or 4 [or 8]

	DL Category 26
(3.5Gbps)
	[bookmark: _GoBack]3354848 - 3522960
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
502624 (8 layers, 1024QAM)]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM, if tbsIndexAlt3 is not supported)
239656 (4 layers, 1024QAM, if tbsIndexAlt3 is supported)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
125808 (2 layers, 1024QAM, if tbsIndexAlt3 is not supported)
119816 (2 layers, 1024QAM, if tbsIndexAlt3 is supported)

	[42275520]
	2 or 4 [or 8]



The possible combinations of DL-UL Category pairings for the proposed DL Categories are listed in the table below. 

	UE DL Category
	UE UL Category

	DL Category 22
	UL Category 21, 20, 18, 16, 15, 13, 7, 5, 3

	DL Category 23
	UL Category 21, 20, 18, 16, 15, 13, 7, 5, 3

	DL Category 24
	UL Category 21, 20, 18, 16, 15, 13, 7, 5, 3

	DL Category 25
	UL Category 21, 20, 18, 16, 15, 13, 7, 5, 3

	DL Category 26
	UL Category 21, 20, 18, 16, 15, 13, 7, 5, 3



To address backwards compatibility of new DL categories with previous LTE Releases, the possible pairing with UE DL Category and UE Category signalling are proposed in the table below. 

	UE DL Category
	UE DL Category
	UE Category

	DL Category 22
	DL Category 20, 19, 16, 12

	UE Category 12, 10, 7, 4

	DL Category 23
	DL Category 20, 19, 16, 12

	UE Category 12, 10, 7, 4

	DL Category 24
	DL Category 20, 19, 16, 12

	UE Category 12, 10, 7, 4

	DL Category 25
	DL Category 20, 19, 16, 12

	UE Category 12, 10, 7, 4

	DL Category 26
	DL Category 20, 19, 16, 12

	UE Category 12, 10, 7, 4



Rate matching for 1024QAM
The procedure of selecting soft buffer size for the rate matching purpose should be also updated taking into account increased TBS for 1024QAM. In particular, the selection of the soft buffer size for the rate matching purpose can be based on the DL category indicated for backward compatibility purpose with updated scaling factor Kc. The proposed text to TS 36.212 [3] is provided below.
	If the UE signals ue-CategoryDL-v14xy indicating UE category M2, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-CategoryDL-v14xy. Otherwise, if the UE signals ue-CategoryDL-v1310 indicating UE category M1, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-CategoryDL-v1310. Otherwise, if the UE signals ue-CategoryDL-v13xy, and is configured with transmission mode 9 or transmission mode 10 and the higher layer parameter maxLayersMIMO-r10 is configured to eightLayers, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-CategoryDL-v13xy. Otherwise, if the UE signals ue-CategoryDL-r12 indicating UE category 0, or if the UE signals ue-CategoryDL-r12 indicating UE category 14 and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-CategoryDL-r12. Otherwise, if the UE signals ue-Category-v11a0, and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v11a0. Otherwise, if the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10, or is configured with transmission mode 3 or transmission mode 4 and the higher layer parameter maxLayersMIMO-r10 is configured to fourLayers, for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].
If Nsoft = 35982720 or 47431680, 
KC= 5, 
elseif Nsoft = 303562752,
KC= 32, 
elseif Nsoft = 14616576,
if the UE is configured by higher layers with altCQI-Table-r12,
KC = 3/2
else
KC = 2
end if.
elseif Nsoft = 19488768,
if the UE is configured by higher layers with altCQI-Table-1024QAM-r15,
KC = 8/5
elseifif the UE is configured by higher layers with altCQI-Table-r12,
KC = 2
else
KC = 8/3
end if.
elseif Nsoft = 7308288 and the UE is configured by higher layers with altCQI-Table-r12,
if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell in the transmission mode configured for the UE, or if the configured maximum number of layers indicated by the maxLayersMIMO-r10 field is no more than two,
KC = 3
else
KC = 3/2
end if.
elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, or if the configured maximum number of layers indicated by the maxLayersMIMO-r10 field is no more than two,
KC = 2
else 
KC = 1
End if.


Alternative TBS
Rel-15 LTE specificfies altenrtive value for the maximum TBS with 1024QAM. It should be noted that the altetnative TBS for 1024QAM was desinged without consdering any target overhead assumption. At the same time the alternative ITBS (26A) for 64QAM and ITBS (33A) for 256QAM were defined in RAN1 #82bis meeting with specific overhead assumption which enables efficient support of that modulation orders in transmission mode 9 and 10.  
	Agreements:
· In Rel-12, introduce new ITBS (26A) for 64QAM and ITBS (33A) for 256QAM and the corresponding highest TBS values assuming 120 REs/PRB-pair for the PDSCH and targeting max. code rate of 0.931
· Target max. code rate of  0.931 can be revisited to 0.93 if any issue is identified for multi-layer transmissions
· Configure new ITBS for 64QAM and 256QAM by higher layer signaling
· When configured, the corresponding TBS values should be applied to all the subframes for the UE scheduled by DCI formats 2C or 2D. 
· Introduce a new UE capability signaling to support the new maximum TBS
· Capability signaling applies to 64QAM and 256QAM if UE supports UE capability of 256QAM.
· RAN1 considers this feature to be optional.


[image: ]
Figure 1: Illustration of the code rate for 1024QAM with alternative TBS under overhead assumption defined for alternative TBS for 64QAM and 256QAM
Figure 1 shows the coding rate for the alternative TBS for 1024QAM under overhead assumption defined for alternative TBS for 64QAM and 256QAM (i.e. 120 REs per RB). It can be seen that the selected alterative TBS for 1024QAM are not usable for scuh assumption due to very high coding rate. Therefore, it is proposed to redesign alternative TBS values for 1024QAM taking into account the same overhead assumption as was used for 64QAM and 256QAM.
[bookmark: _Ref470879069]Conclusions
In this contribution we address the reaming issues of supporting 1024QAM in Rel-15. In particular support of new DL categories with 1024QAM with corresponding physical layer parameters and determination of soft buffer size for the rate matching purposes in case of 1024QAM are discussed. Based on the discussion it is proposed to defined new DL Categories supporting data rates of 2.4Gbps, 2.8Gbps, 3.2Gbps, 3Gpbs and 3.5Gbps. In addition, the benefits of supporting alternative TBS for 1024QAM (which was designed in the work item without considering any target overhead assumption) are also evaluated showing little benefits. 
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