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1 Introduction
Recently the work item on UL capacity enhancements was approved by RAN in [1]. The work will start in RAN1 with specification details to support UL 256QAM. When specifying support for UL 256QAM, the fact that DL 256QAM is already supported within LTE can be used to simplify the design. The main aspect that we foresee in RAN1 for UL 256QAM support is to define an associated MCS table supporting UL 256QAM as we discuss in[2]
. Furthermore we observe that there would be a need to define the applicable UE categories and the related capabilities to support UL 256QAM as we describe in our companion contribution [3]. In this contribution we discuss general physical layer details for designing UL 256QAM support.
2 Discussion
As described in the introduction DL 256QAM was introduced in Rel-12. When designing that the TBS table was extended to support the use of DL 256QAM. During the design of LTE in Rel-8 the principle to use the same TBS table for both DL and UL was adopted. This principle can still be retained when introducing UL 256QAM as the entries available would results in applicable code rate for the UL.

Proposal

· Reuse the TBS table design from DL 256QAM for the UL 256QAM

Another principle that was adopted when designing the DL 256QAM MCS table was to retain the same number of bits in the MCS table when 256QAM is utilized as when it is not utilized. The corresponding design was done by down-sampling the table within the QPSK, 16QAM and 64QAM region and by that allowing some new entries for 256 QAM. The same principle can be used when designing the UL MCS table for 256QAM.

Proposal

· 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

Uplink scheduling is done with SPS C-RNTI, C-RNTI, RA-RNTI and TC-RNTI. The SPS C-RNTI and C-RNTI can be utilized in both the common and UE specific search spaces. The RA-RNTI schedules uplink indirectly by providing an UL grant in the random access response message. The TC-RNTI is used in case of random access response to provide retransmission of MSG3. Depending on the random access procedure used it could be known which UE is addressed at this stage or not. However the channel quality is unknown in many cases and hence it would not be practical to send MSG3 with UL 256QAM. The current SPS design only support half of the entries in the MCS table as the most significant bit in the MCS field is one of the bits that is used as virtual CRC in the activation command for SPS. This was adopted due to SPS is supposed to target robust transmissions. Hence it is can be assumed that UL 256QAM would not be needed to be operated together with SPS transmissions. 
For the C-RNTI it is clear that UL 256QAM should be possible to be utilized. However there are details than need attention. 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 supports 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. To allow the possibility for the eNB to always schedule the UE also during the configuration of UL 256QAM, the UL 256QAM configuration can be applied only for DCI formats scheduled in the UE specific search space. Hence the eNB can utilize the common search space to schedule the UE during the configuration period. 
Proposal

· MCS table supporting UL 256QAM can only be used in the UE specific search space for DCI format 0 and DCI format 4 when the CRC is scrambled with C-RNTI

· An MCS table supporting UL 256QAM is separately configured for DCI format 0 and DCI format 4

With the introduction of eIMTA multiple subframe sets was introduced in UL. The subframes set in UL can be configured individually by different power control parameter to allow operation during different interference conditions. This impact the usage of 256QAM in the UL due to the possibility of different interference conditions in different sets. For example the interference conditions in one of the subframe set may result in that it may be difficult to utilize UL 256QAM while in the second subframe set it may be possible to utilize UL 256QAM. Hence it could be beneficial to be able to configure the UE individually per subframe set whether or not UL 256QAM is utilized. 

Proposal

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

At last a straight forward change that is needed is the introduction Qm supporting UL 256QAM at applicable places in the specification. This aspect is mainly related to the support of UCI handling.
Proposal

· Introduce Qm corresponding to 256QAM for UL at applicable places in the specification

3 Summary

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

· Reuse the TBS table design from DL 256QAM for the UL 256QAM
· 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 when the CRC is scrambled with C-RNTI

· An MCS table supporting UL 256QAM is separately configured for DCI format 0 and DCI format 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
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