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1 Introduction
In RAN1#76bis meeting, significant progress was reached for DL higher order modulation (i.e. 256QAM). In this contribution, we discuss the remaining two issues for 256QAM, as the following
1) TBS for multi-layer transmission;

2) UE category/capability handling
2 Discussion
2.1 TBS for multi-layer transmission
For multi-layer TBS table design, two options were proposed for the remaining entries as following:
· Option 1:
	TBS_L2
	TBS_L3
	TBS_L4

	193768
	290664
	387560


· Option 2:
	TBS_L2
	TBS_L3
	TBS_L4

	195816
	293736
	391656


In option 1, the values of TBS_L2, TBS_L3 and TBS_L4 are defined assuming MBSFN subframe with 1 OFDM symbol for PDCCH and 4 or 8 port DMRS, i.e. 132 available REs per PRB.
In option 2, the values of TBS_L2 and TBS_L3 are TBS are defined assuming normal subframe with 1 OFDM symbol for PDCCH and 4 ports CRS, i.e. 136 available REs per PRB.
Considering that PDSCH coding rate shall not exceed 0.93, the maximum applicable TBS for the above options in different cases can be calculated as the following. The calculation assumes 20MHz system bandwidth and 1 OFDM symbol for PDCCH region. PDSCH scheduling with 100 RB is considered in this calculation. 
· Case 1: For CRS based 4 layer transmission, 136 REs per PRB can be used for PDSCH transmission. With option 1, TBS_L2 value 193768 and two code words can be used for TBS determination, which means 387536 bits can be transmitted in a subframe. With option 2, TBS_L2 value 195816 and two code words can be used for TBS determination, which means 391632 bits can be transmitted in a subframe. Therefore the gain of data rate for option 2 over option 1 is 1.5%.
· Case 2: For DMRS based 4 layer transmissions, assuming 2 CRS ports and 4 DMRS ports in non-MBSFN subframe, 4 DMRS ports in MBSFN subframe, 120REs or 132REs per PRB can be used for PDSCH transmission, respectively. In a non-MBSFN subframe, with both option 1 and option 2, the above TBS_L2 value cannot be used for TBS determination, since the coding rate exceeds 0.93. The 2nd highest TBS is TBS_ L2 = 169544 and the same data rate is achieved for both options. In a MBSFN subframe, TBS_L2 value 193768 for TBS determination can be used in option 1, which means 387536 bits can be transmitted in a subframe by two code words. However, TBS_L2 value 195816 for TBS determination cannot be used in option 2, since the coding rate exceeds 0.93. The 2nd highest TBS_ L2 = 169544 can then be used which means 339088 bits can be transmitted in a subframe by two code words. Therefore, in a MBSFN subframe, the data rate loss of option 2 over option 1 is 12.5%.
· Case 3: For DMRS based 8 layer transmissions, assuming 2 CRS ports and 8 DMRS ports in non-MBSFN subframe, and 8 DMRS ports in MBSFN subframe, 120REs or 132REs per PRB can be used for PDSCH transmission, respectively. In a non-MBSFN subframe, the above TBS_L4 value cannot be used for TBS determination for both options, since the coding rate exceeds 0.93. The second highest TBS_ L4 = 339122 can be used for TBS determination in both options, thus same data rate is achieved. In a MBSFN subframe, TBS_L4 value 387560 can be used for TBS determination, which means 775120 bits can be transmitted in a subframe by two code words in option 1. However, TBS_L4 value 391656 cannot be used for TBS determination in option 2, since the coding rate exceeds 0.93. The second highest TBS_ L4 = 339122 is then used, which means 678224 bits can be transmitted in a subframe by two code words in option 2. Therefore, in a MBSFN subframe, the data rate loss of option 2 over option 1 in MBSFN subframe is 12.5%.
The cases discussed above can be summarized in the following table:

Table 1:  Comparison of the two options in different cases 
	
	Non-MBSFN subframe
	MBSFN subframe

	
	Available REs per PRB
	Bits can be transmitted in a subframe for option 1
	Bits can be transmitted in a subframe for option 2
	Gain of option 2
	Available REsper PRB
	Bits can be transmitted in a subframe for option 1
	Bits can be transmitted in a subframe for option 2
	Gain of option 2

	CRS-
4 layer
	136
	387536
	391632
	1.5%
	–
	–
	–
	–

	DMRS-
4 layer
	120
	339088
	339088
	0%
	132
	387536
	339088
	-12.5%

	DMRS-

8 layer
	120
	678224
	678224
	0%
	132
	775120
	678224
	-12.5%


From the analysis, it can be observed that in case of DMRS based 4 or 8 layer transmission in MBSFN subframe, the maximum data rate loss of option 2 compared with option 1 is 12.5%, which is not negligible. Hence, it is proposed that option 1 should be used in order to get a higher peak data rate for 4 or 8 layer DMRS based transmission.
Proposal 1: For multi-layer TBS table design, option 1 should be used.
2.2 UE category/capability handling
To support 256QAM, the UE category/capability handling was discussed in last RAN1 meeting, and the following agreements were achieved:

· 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

Besides the one new UE category with 4Gbps peak date rate for 256QAM, 256QAM should also be supported by the existing UE categories, in order to improve the system efficiency. The following three options can be considered for the existing UE categories.
· Option 1: The legacy UE categories are used for 256QAM without any changing
With a UE capability bit indicating the support for 256QAM, the legacy UE category can be used for 256QAM without any changing, the benefit is that existing UE processing capability and implementation is not changed. Although the maximum data rate cannot be achieved for a legacy UE category with this option, the higher spectrum efficiency can be achieved from the system perspective. However, the number of scheduled UE at the same time can be small (e.g. 1 UE is served in one subframe) in small cell scenario, hence it is beneficial to enhance the single user peak data rate in order to obtain meaningful gain for the system. Therefore option 1 is not preferred.
· Option 2: Modify the legacy UE category to support 256QAM by increasing the field “Maximum number of bits of a DL-SCH transport block received within a TTI”
With option 2, both the field “Total number of soft channel bits” and “Maximum number of DL-SCH transport block bits received within a TTI” are kept unchanged, which means the UE maximum processing and memory capability is not changed. However, the maximum transport block size is increased, if DL CA or MIMO is not enabled simultaneously with 256QAM, the peak data rate for 256QAM UEs can still be achieved. For example, for UE category 4 or 5, the peak data rate can be achieved with 256QAM if DL CA and MIMO are not enabled simultaneously. 
· Option 3: Modify the legacy UE category to support 256QAM by increasing both the field “Maximum number of bits of a DL-SCH transport block received within a TTI” ”and “Maximum number of DL-SCH transport block bits received within a TTI”
With option 3, both the field “Maximum number of bits of a DL-SCH transport block received within a TTI” ”and “Maximum number of bits of a DL-SCH transport block received within a TTI” are increased, which means the UE maximum processing capability is changed. Hence, the maximum peak data rate for 256QAM UEs can be achieved. For example, for UE category 4 or 5, the peak data rate for 256QAM UEs can be achieved even if MIMO or CA is enabled.
In order to increase the UE peak data rate for small cell scenario, option 3 is most beneficial. The soft buffer size can be kept unchanged such that the UE cost is not increased significantly for supporting 256QAM by existing UE categories. 
Proposal 2: Modify the legacy UE category to support 256QAM by increasing both the field “Maximum number of bits of a DL-SCH transport block received within a TTI” ”and “Maximum number of DL-SCH transport block bits received within a TTI” while keeping “Total number of soft channel bits” unchanged.
3 Conclusions

In this contribution, the remaining issues on 256QAM for small cells were discussed, with the following proposals:
Proposal 1: For multi-layer TBS table design, option 1 should be used.
	TBS_L2
	TBS_L3
	TBS_L4

	193768
	290664
	387560


Proposal 2: Modify the legacy UE category to support 256QAM by increasing both the field “Maximum number of bits of a DL-SCH transport block received within a TTI” ”and “Maximum number of DL-SCH transport block bits received within a TTI” while keeping “Total number of soft channel bits” unchanged.
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