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1 Introduction

In RAN1 #86bis meeting [1], the following enhancement on Voice and Video for LTE have been agreed:
Agreement:
· HARQ process ID of PUSCH is indicated in DCI

· Re-use the eMTC repetition scheme, i.e.: 

· Support numbers of repetitions for PUSCH not larger than X 

· FFS the value of X considering the relaxed delay budget, and X may be different from the largest value in eMTC
· A set of [4 or 8 (TBD)] numbers of repetitions are configured by RRC signalling of the maximum number of repetitions

· The number of repetitions of PUSCH is indicated in DCI

· Re-use eMTC frequency hopping scheme, i.e.: 

· The frequency domain hopping offset and the time domain hopping interval are cell specific

· The time domain hopping interval is configured as one of

· {1, 2, 4, 8} subframes for FDD

· {1, 5, 10, Y} subframes for TDD, where Y is TBD after deciding the value of X

· FFS: values of frequency domain hopping offset

In RAN1 #87 meeting [2], additional agreements on Voice and Video enhancement for LTE have been made as follows:
Agreement:

· When configured in the new PUSCH enhancement mode, in the common search space the UE monitors DCI0 (without HARQ process ID) and DCI1A. These two grants have the same size.

Agreement:
· Support maximum PUSCH bandwidth of 20MHz for the new PUSCH enhancement mode

· The maximum number of repetitions for PUSCH in the new PUSCH enhancement mode is 32

· Number of PUSCH repetitions in the new PUSCH enhancement mode:
· Number of repetitions {1, 2, 4, 8, 12, 16, 24, 32} indicated by a 3-bit DCI field

· 12 and 24 are new values compared to Rel-13 CE mode A, as agreed for FeMTC

· The TBS restriction of CE Mode A does not apply in the new PUSCH enhancement mode

· UE is RRC reconfigured to switch between normal mode and the new PUSCH enhancement mode

· Reuse the resource assignment field of DCI Format 0 for the new PUSCH enhancement mode

In this contribution, we discuss remaining details of frequency hopping (FH) method and DCI design for VoLTE and Video enhancements for LTE. 
2 Further details of FH method 
As has been agreed, the eMTC FH scheme is reused for VoLTE and Video enhancement for LTE, i.e. the hopping patterns is determined based on the frequency domain hopping offset and time domain hopping interval. 
For the frequency domain hopping offset, Rel-13 eMTC has FH offset with granularity of narrowband (NB). On the other hand, resource assignment field of DCI format 0 is agreed for the PUSCH enhancement, and thus the resource allocation is much more flexible for VoLTE and Video enhancement, i.e., not restricted to NB-based allocation. Thus, it is preferred to support frequency offset in granularity of PRB rather than NB for scheduling flexibility.
For time domain hopping interval, since the maximum number of repetitions supported for PUSCH is the same as CE mode A in Rel-13 eMTC, the values of frequency hopping interval for CE mode A in Rel-13 eMTC can be reused, i.e., {1, 2, 4, 8} subframes for FDD and {1, 5, 10, 20} subframes for TDD. 
Based on the above designs, the FH method for PUSCH enhancement works as follows:

· FH occurs every FH interval as indicated by RRC signaling, from set of {1, 2, 4, 8} subframes for FDD and {1, 5, 10, 20} subframes for TDD.

· FH for PUSCH occurs between two frequency regions (following Rel-13 eMTC FH mechanism).

· Apply the frequency hopping offset to the starting PRB (i.e., with smallest index) that is allocated for PUSCH transmission. All the other PRBs follow the starting PRB and hop to new frequency region. 

Proposal 1
· FH offset for PUSCH enhancement for LTE is in granularity of PRB.
· The frequency hopping interval is configured as one of {1, 2, 4, 8} subframes for FDD and {1, 5, 10, 20} for TDD.
3 DCI design for PUSCH enhancement 
As has been agreed, resource assignment field in DCI format 0 is used for new PUSCH enhancement mode. In LTE, the interpretation of resource assignment field depends on the resource allocation type and whether the PUSCH hopping is enabled. For PUSCH enhancement, as FH mechanism follows Rel-13 eMTC, the resource assignment field should be interpreted always as if the PUSCH hopping is disabled in LTE, regardless of the value of 1-bit “frequency hopping flag” field. 

Considering the DCI format 0 as the baseline, new fields for indication of PUSCH repetitions, support of asynchronous HARQ, and support for FH may be needed.
· PUSCH repetitions: 3 bits are needed in the DCI for indication repletion numbers from set {1, 2, 4, 8, 12, 16, 24, 32}. 

· Asynchronous HARQ: 3 bits are needed in the DCI for indication of HARQ process ID. 

· FH: 1 bit is needed in the DCI for dynamically indicating on/off of PUSCH FH, if PUSCH FH is enabled by higher-layer signaling. 

In summary, 7 bits are needed for support the above new features for PUSCH enhancement. To reduce the overhead, 1 bit in “frequency hopping flag” field of DCI format 0 can be reused as 1-bit FH on/off indication for PUSCH enhancement. Thus, 6 additional bits are added to DCI format 0.
Proposal 2
· The resource assignment field in DCI is interpreted as if the PUSCH hopping is disabled in LTE, regardless of the value in the frequency hopping flag field.

· For support of PUSCH enhancement, 3 bits for PUSCH repetitions and 3 bits for HARQ process ID are added to DCI format 0, and the 1 bit in “frequency hopping flag” field is reinterpreted for FH on/off indication if PUSCH FH is enabled by higher-layer signaling. 

4 Conclusion

In this contribution, we discuss the remaining details for PUSCH enhancement, including FH support and DCI design. Based on the discussions above, we make the following proposals:
Proposal 1
· FH offset for PUSCH enhancement for LTE is in granularity of PRB.

· The frequency hopping interval is configured as one of {1, 2, 4, 8} subframes for FDD and {1, 5, 10, 20} for TDD.

Proposal 2
· The resource assignment field in DCI is interpreted as if the PUSCH hopping is disabled in LTE, regardless of the value in the frequency hopping flag field.

· For support of PUSCH enhancement, 3 bits for PUSCH repetitions and 3 bits for HARQ process ID are added to DCI format 0, and the 1 bit in “frequency hopping flag” field is reinterpreted for FH on/off indication if PUSCH FH is enabled by higher-layer signaling. 
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