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1   Introduction
In this document, we discuss the following aspects related to 256-QAM: 

· FFS aspects of transport block sizes
· UE capability/category signaling
2   Discussion
2.1 Details of transport block sizes

In last two RAN1 meetings, a lot of progress was made on finalizing the details of MCS and TBS tables supporting 256-QAM including the following agreements. 
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One remaining FFS point is to choose between option 1 and option 2 (shown below) for TBS mapped to multiple layers. 
Option1- 
	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	97896
	193768
	290664
	387560


Option2 -
	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	97896
	195816
	293736
	391656


Option 2 is consistent with the RAN1 agreements made above i.e. assuming 136 REs/PRB for the highest spectral efficiency and it uses the same design principle for TBS table used up to Rel-10. In contrast, option 1 adjusts the TBS (for L2, L3, L4) such that the overhead assumption would correspond to 132 REs/PRB and it is also inconsistent with the agreement from RAN1#77 to use same design principle as Rel-10 [2]. 

The motivation for option 1 is that it tries to adjust the TBS values so that for a DMRS-based PDSCH, the initial transmission code rate for PDSCH falls below the skip decoding threshold of 0.93 i.e. to avoid skip decoding [3]. We do not prefer option 1 for the following reasons.
1. The threshold value of 0.93 was discussed in Rel-10 in relation to UE achieving peak rate [2]. At the time, it was discussed in RAN1 that 0.93 is a UE implementation issue (UE may skip decoding…) and a UE can choose to not implement skip decoding to achieve peak rate as required to satisfy the requirements for that UE category. 
2. Option 1 introduces new transport block sizes (193768 and 290664) that do not belong to Rel-10 transport block sizes. This can lead to increased encoder/decoder/testing complexity as Rel-10 implementations cannot be used without modifications. This introduction of new transport block sizes in existing Rel-10/11 range of TBS values is also inconsistent with Rel-10 design principle. 
3. Option 1 attempts to solve the peak rate issue only for 20 MHz bandwidth case, i.e. scheduling of 100 PRBs, and I_TBS=33. The skip decoding issue would still remain for other system bandwidths such as 15 MHz (75PRBs and I_TBS=33), 10 MHz, 5 MHz, etc. See table below for the coding rate corresponding to system bandwidth of 15 MHz (75 RBs), and highest I_TBS with the assumption of 132 REs/PRB. The table clearly indicates that the skip decoding threshold is exceeded for 15 MHz system bandwidth. Similar observation can be made for other bandwidths including 10MHz, 5 MHz, etc. 
	
	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	TBS (from Working assumption  [5])
	75376
	149776
	226416
	299856

	Code rate for TBS using

NPRBs=75 RBs, I_TBS=33, 256-QAM
132 REs/PRB for PDSCH
	0.9560
	0.9495
	0.9568
	0.9503


One potential way to resolve this is by redesigning the one layer TBS for the peak spectral efficiency (i.e. I_TBS=33) assuming 132 REs/PRB and that would result in lower code rate that would carry over to the multi-layer TBS as well. 

Given Option 1 does not resolve the skip decoding threshold aspect consistently for all system bandwidths, and skip decoding itself is a UE implementation issue, and further Option 1 is inconsistent with the agreements made in RAN1#76bis and RAN1#77, and can lead to increased encoder/decoder/testing complexity, it is proposed that option 2 is adopted for Rel-12 TBS finalization.
Proposal 1: Adopt the following mapping for TBS (i.e. option 2). 

	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	97896
	195816
	293736
	391656


2.2 UE category/capability and 256-QAM
The following agreement was made in last RAN1 meeting with regards to UE category/capability signaling.

[image: image2]
Our view is that for existing UE categories, support of 256-QAM can be added as a UE capability without changing the UE category definition (i.e. peak data rate per TTI, peak TBS per TTI, soft buffer size). This is similar to how CA is supported for UE categories 1-5, i.e. the peak data rate and soft buffer sizes are not increased for these categories even though CA could have provided the increased peak rates for larger channel bandwidths. With this proposal, a UE supporting 256-QAM can experience increased peak rate support at lower channel bandwidths (e.g. at 5 MHz, the peak rate can improve from 36 Mbps to 48 Mbps). At larger channel bandwidths, though there is no peak data rate increase for the UE, it can use lesser resources (i.e., RBs) to achieve the same peak rate; thereby resulting in an overall benefit to the system e.g. improved data rates for other users in the cell, lesser inter-cell interference due to improved resource utilization.  
We think the low-complexity UE category defined for MTC does not require supporting 256QAM. We further think that UE categories 1-3 may not need to support 256-QAM. The reason is that these are relatively low-end UE categories in relation to the new and higher category UEs. Therefore, we prefer that capability signaling for 256-QAM is supported for Categories 4 and higher.

Proposal 2: Capability signaling is introduced for support of 256-QAM for existing UE categories 4-10. No 256-QAM support for UE categories 0-3.
New UE categories can also be defined to support 256-QAM for increased UE peak data rate and with larger soft buffer size.  Defining a large number of UE categories solely for the sake of supporting 256-QAM would be undesirable. Since 256-QAM is yet another peak rate enhancing feature in addition to carrier aggregation, multi-layer MIMO, etc, any new UE categories should be defined in such a way as to provide a choice of which features a UE implements for increased peak rates. For instance, 256-QAM support could be provided for a non-CA UE. Based on Cat-4, a Cat4a UE with 256-QAM support can be defined with DL rate of 200Mbps as shown in Annex A. Also, 256-QAM support for a CA UE that supports only two carriers (rather than 3 carriers) could be provided. Based on Cat-6, a Cat6a UE with 256-QAM support can be defined with DL rate of 400Mbps as shown in Annex A. Annex also shows an example of the new 4 Gbps UE category. 
In our view, defining at most two new Categories would be sufficient. In future, additional UE categories could be added as was done in Rel-11 for Cat-9/10.
Proposal 3: Other than the 4 Gbps UE category, the number of new UE categories introduced in Rel-12 solely for support of 256QAM is no more than 2.
In last meeting, a WF [4] on UE category handling for 256QAM was discussed. That WF proposed supporting 256QAM with UE categories 4-10 (except 8), and updating following two fields in UE category to support 256QAM
· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of bits of a DL-SCH transport block received within a TTI
By definition, the first field is the peak data rate. From Rel-8 to Rel-11, the UE category definition has been closely tied to the peak rate supported. It is desirable to keep that association consistent in future releases as well. Adding peak rate increase as a capability is not desirable as it requires significant re-architecture of UE implementation and in essence it is equivalent to defining a new UE category. Therefore, our view is that increase of peak data rate should preferably be done by introducing new UE categories rather than defining it as a capability. This allows for proper differentiation of UEs supporting such peak rate enhancements compared to UEs that do not implement them. 

Proposal 4: For any existing UE categories that indicate support of 256-QAM, the following fields in UE category shall not be modified

· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of bits of a DL-SCH transport block received within a TTI
· Total number of soft channel bits
3   Conclusions

In this document we discussed design aspects for introducing 256-QAM and propose the following. 

Proposal 1: Adopt the following mapping for TBS (i.e. option 2). 

	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	97896
	195816
	293736
	391656


Proposal 2: Capability signaling is introduced for support of 256-QAM for existing UE categories 4-10. No 256-QAM support for UE categories 0-3.

Proposal 3: Other than the 4 Gbps UE category, the number of new UE categories introduced in Rel-12 solely for support of 256QAM is no more than 2.
Proposal 4: For any existing UE categories that indicate support of 256-QAM, the following fields in UE category shall not be modified

· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of bits of a DL-SCH transport block received within a TTI
· Total number of soft channel bits
4   References

[1] RP-132073, “New WI proposal: Small cell enhancements – Physical layer aspects”, RAN#62, Busan, Korea.
[2] R1-106293, “Details of transport block sizes mapped to three and four layers”, Motorola, RAN1#63, Jacksonville, Nov 2010.
[3] R1-142506, “TBS design for 256QAM”, CMCC, RAN1#77, Seoul, Korea, May 2014.
[4] R1-142692, “WF on 256QAM UE category handling”, Ericsson et al, RAN1#77, Seoul, Korea, May 2014. 
[5] R1-142785, “256QAM TBS table design”, Huawei, Hisilicon, RAN1#77, Seoul, Korea, May 2014.
Annex A
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)
75376 (2 layers)

	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)
75376 (2 layers)

	5481216
	2 or 4

	[Category 4a]
	[200000]
	[100000]
	[2436096]
	[2]

	[Category 6a]
	[400000]
	[200000] (4 layers)

[100000] (2 layers)
	[4872192]
	[2 or 4]

	[Category 8a]
	[4,000,000,000]
	[400000]
	[47976960]
	[8]

	Note : Categories [4a,6a,8a] shall support 256QAM on the downlink


Agreement (from RAN1#76bis)


TBS table


Define overhead assumption(s) (REs/PRB) for PDSCH 


Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency


Use 136 REs per PRB for the highest spectral efficiency


Agreement (from RAN1#77)


Same design principle is applied for TBS table used up to Rel-10





Agreements (from RAN1#77):


Introduce signaling to indicate UE support for 256QAM


Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4


One new UE category with 256QAM is introduced


~4Gbps targeting 5CC, 8 layer MIMO with 256QAM


“Total number of soft channel bits” [47 431 680 bits]


FFS: Support existing UE categories or new UE category
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