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1 Introduction
The followings were agreed during the RAN1#84bis meeting [1]:
Agreements:

· Assume the same number of bits for the MCS field in the DCI message to support UL 256QAM as it is currently, i.e. 5 bits

· MCS table supporting UL 256QAM can only be used in the UE specific search space for DCI format 0 and DCI format 4, and any new UL DCI format introduced for LAA, when the CRC is scrambled with C-RNTI
· FFS whether the configuration of the UL 256QAM MCS table can be done separately for DCI formats 0 and 4

· Configure the use of the MCS table for UL 256QAM separately per uplink power control subframe set

· Introduce Qm corresponding to 256QAM for UL at applicable places in the specification
· UL 256QAM and DL 256QAM are configured independently.
Agreements:

· Introduce at least 3 new UL UE categories achieving peak data rate for 256QAM PUSCH

· Based on UL UE category 5

· Based on UL UE category 13

· Based on UL UE category 14

· FFS: Based on UL UE category 8

Note: the 256QAM UL peak data rate is around 30-40% higher than the base categories listed above.
· Extend the UL/DL UE category combinations in TS 36.306 to include for each current DL UE category paired with a 64QAM UL UE category a new combination with the respective enhanced 256QAM UL UE category

· A UE signalling a 256QAM category shall also signal its base category
· UE 256QAM UL support/capability can only be indicated by a UE belonging to the new UL UE Categories achieving 256QAM UL peak data rate (i.e. ue-CategoryUL >14).

· Send an LS to RAN4 to ask for their input on whether the 256QAM support should be per UE or per band & band combination - R1-163463 (Klaus, Nokia)

Note that RAN1 assumes that UE capability signalling details are up to RAN2.
This contribution addresses the remaining physical layer design details of UL 256QAM apart from the MCS and TBS table design details. Discussion on MCS and TBS table designs are presented in [2]

 REF _Ref450833294 \r \h 
[3]

 REF _Ref450939588 \r \h 
[4] .

There are three remaining topics. The first relates to whether or not a separate configuration of UL 256QAM should be done for DCI format 0 and DCI format 4. The second aspect relates to adding a new UL UE category based on UE category 8 and the last aspect relates to updating the agreed UE categories with the corresponding data rates given further agreements on MCS and TBS table design details. 
2 Discussion
In UL, scheduling is done with DCI format 0 if only a single TX is supported by the UE in both the common and UE specific search spaces. In addition if the UE supports multiple TX, scheduling is done with DCI format 4 in the UE specific search space. For UEs that support multiple TX it would be beneficial to be able to utilize UL 256QAM together with multiple TX, hence UL 256QAM should be possible to be configured for DCI format 4. For UEs that support a single TX it is important to allow the possibility to utilize UL 256QAM. Hence it should be possible to configure UL 256QAM for DCI format 0. It is however so that the SNR range for which UL256QAM is higher up when operating UL MIMO compared to not operating UL MIMO. This would translate into that the EVM needs further to be low when the combination of UL MIMO and UL 256QAM is supported. Consequently there could be gains with allowing UEs to only implement UL 256QAM without supporting UL MIMO at the same time. In order to facilitate this from a configuration aspect the configuration of UL256QAM should be separated per DCI format. 
Proposal

· MCS table supporting UL 256QAM is separately configured for DCI format 0 and DCI format 4
The second remaining aspect is whether an equaling UL UE category to UL UE category 8 should be defined that supports UL 256QAM. UL UE category 8 is in general a marketing UE category as such. Its need has therefor been replaced since its introduction by UL UE category 14 which supports even higher UL data rates.

Proposal

· Do not introduce a new UL UE category based on UL UE category 8

The final aspect is considering the possible data rates the new UL UE categories can handle. There are two options here either we really on the existing TBS table and the corresponding values are given in Table 4.1A-2 (Option 1) or we design a new TBS table and the corresponding values are given in Table 4.1A-2 (Option 2). In [4]an new TBS table design is discussed and we have based the calculated values on that design.
Table 4.1A-2 (Option 1): Uplink physical layer parameter values set by the field ue-CategoryUL

	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL
	Support for 254QAM in UL

	UL Category 0
	1000
	1000
	No
	No

	UL Category 3
	51024
	51024
	No
	No

	UL Category 5
	75376
	75376
	Yes
	No

	UL Category 7
	102048
	51024
	No
	No

	UL Category 8
	1497760
	149776
	Yes
	No

	UL Category 13
	150752
	75376
	Yes
	No

	UL Category 14
	9585664
	149776
	Yes
	No

	UL Category 15
	97896
	97896
	Yes
	Yes

	UL Category 16
	195792
	97896
	Yes
	Yes

	UL Category 17
	12532224
	195816
	Yes
	Yes


Table 4.1A-2 (Option 2): Uplink physical layer parameter values set by the field ue-CategoryUL

	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL
	Support for 254QAM in UL

	UL Category 0
	1000
	1000
	No
	No

	UL Category 3
	51024
	51024
	No
	No

	UL Category 5
	75376
	75376
	Yes
	No

	UL Category 7
	102048
	51024
	No
	No

	UL Category 8
	1497760
	149776
	Yes
	No

	UL Category 13
	150752
	75376
	Yes
	No

	UL Category 14
	9585664
	149776
	Yes
	No

	UL Category 15
	105528
	105528
	Yes
	Yes

	UL Category 16
	211056
	105528
	Yes
	Yes

	UL Category 17
	13563904
	211936
	Yes
	Yes


Proposal
· Adopt either Table 4.1A-2 (Option 1) and Table 4.1A-2 (Option 2) for the new UL UE categories supporting UL 256QAM pending the decision in MCS and TBS designs
3 Summary

In this contribution we discussed the remaining details of general physical layer design aspects to support UL 256QAM and proposed the following:
Proposals:

· MCS table supporting UL 256QAM is separately configured for DCI format 0 and DCI format 4
· Do not introduce a new UL UE category based on UL UE category 8
· Adopt either Table 4.1A-2 (Option 1) and Table 4.1A-2 (Option 2) for the new UL UE categories supporting UL 256QAM pending the decision in MCS and TBS designs
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