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Discussion and Decision
1 Introduction

In RAN1#86bis, the following agreements were made –

· 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, the following agreements were made –

· 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.
· 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 consider the remaining details on PUSCH enhancement for VoLTE.

2 Remaining Details
As agreed in RAN1#86bis, eMTC frequency hopping scheme is reused for eVoLTE. In Rel-13, cell specific frequency hopping is used. In the UL, hopping is between 2 narrowbands and the UE cycles through the narrowbands based on a predefined pattern. The first narrowband is given in the DCI, while the other narrowband(s) are determined using a single configurable offset. In RAN1#87, it was agreed to support maximum PUSCH bandwidth of 20 MHz for the new PUSCH enhancement mode. The numbers of repetitions are {1, 2, 4, 8, 12, 16, 24, 32} with 12 and 24 being new values compared to Rel-13. In RAN1#86bis, the time domain hopping interval for TDD is configured as one of {1, 5, 10, Y} subframes, where Y is to be decided after the maximum number of repetition has been agreed. Since the maximum number of repetitions is 32, it would be sufficient to select Y of 20 in line with possible Rel-13 values.
Proposal 1: Possible time domain hopping interval for TDD is {1, 5, 10, 20}.
With respect to the value of the frequency domain hopping offset, the agreement is to reuse eMTC frequency hopping scheme where hopping offset is based on narrowband (i.e. UE hops from first narrowband to second narrowband). Therefore, it is proposed to reuse Rel-13 cell-specific eMTC frequency hopping parameters.
Proposal 2: Reuse Rel-13 cell-specific eMTC frequency hopping offset.
Figure 1 shows several possible examples of frequency hopping across system bandwidth with different numbers of resource allocation and hopping offsets. In some cases, wrap-around will occurs e.g. as shown in Figure 1 (b) – (c).
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Figure 1. Frequency hopping examples.
However, for the PUSCH, continuous allocation is needed and therefore frequency hopping allocation with wrap-around is invalid. In this case, it is up to eNB implementation to ensure that this does not happen. If needed, UE behaviour may be defined in this error case. For example, UE could drop subframes with wrap-around.

Proposal 3: It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around do not occur.
In RAN1#87, it was agreed to support up 20 MHz system bandwidth for VoLTE coverage enhancement. In this case, all PRBs can be scheduled including PRBs that are not part of narrowbands. This can present a challenge when frequency hopping is enabled as PRBs not belonging to narrowbands do not have hopping counterparts. Therefore, assigning PRBs at the band edges that do not belong to any narrowband will make handling of frequency hopping difficult. In addition, those PRBs are generally reserved for the PUCCH and therefore unlikely to be used for PUSCH transmission. Thus, it is proposed that PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. Naturally, when frequency hopping is disabled, there is no need to restrict scheduling of the PRBs at the band edges.
Proposal 4: When frequency hopping is enabled, PRBs at the band edges that do not belong to any narrowband cannot be scheduled.

With respect to center PRB(s) that do not belong to a narrowband, it would be beneficial to still schedule those PRBs when frequency hopping is used. Otherwise, the maximum PUSCH allocation would be limited as allocation across the center PRB would not be allowed. In this case, in [1], it is proposed that center PRB(s) that do not belong to a narrowband do not hop. In some cases, PUSCH allocation will not be contiguous after hopping. In this case, it would be up to eNB implementation to ensure that contiguous resource allocation is maintained when hopping occurs. 

Proposal 5: When frequency hopping is enabled, center PRB(s) in odd system bandwidth that are not part of a narrowband do not hop. It is up to eNB implementation to ensure that non-contiguous transmission does not occur.
3 Conclusions

In this contribution, we consider the remaining details for PUSCH enhancement for VoLTE and make the following proposals –

Proposal 1: Possible time domain hopping interval for TDD is {1, 5, 10, 20}.
Proposal 2: Reuse Rel-13 cell-specific eMTC frequency hopping offset.
Proposal 3: It is up to eNB implementation to ensure that frequency hopping error cases with wrap-around do not occur.
Proposal 4: When frequency hopping is enabled, PRBs at the band edges that do not belong to any narrowband cannot be scheduled.

Proposal 5: When frequency hopping is enabled, center PRB(s) in odd system bandwidth that are not part of a narrowband do not hop. It is up to eNB implementation to ensure that non-contiguous transmission does not occur.
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