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1 Introduction
In RAN1 #87 meeting, the following agreements were made [1] for VoLTE enhancement for FeMTC.
· On ‘new number(s) of repetitions for PUSCH’:
· Define a new set of repetition factors for PUSCH which overrides the SIB parameter for the maximum number of PUSCH repetitions

· At least for the non-SPS case, the new set of repetition factors is {1, 2, 4, 8, 12, 16, 24, 32}

· The new set of repetition factors is enabled by a new optional 1-bit UE-specific RRC configuration parameter

· On ‘adjusted scheduling relationships between physical channels’:
· Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI

· This adjusted timing relationship is enabled by a new optional 1-bit UE-specific RRC configuration parameter

· FFS whether to introduce a dynamic timing relationship between UL grant and PUSCH

· If introduced, this will not require the introduction of any additional RRC parameters.

· FFS whether to introduce a dynamic timing relationship between DL assignment and PDSCH

· If introduced, FFS whether the modified scheduling delay is implicitly detected based on guard-subframe timing
In this contribution, we discuss the remaining issues on VoLTE enhancement for FeMTC.
2 Remaining issues on VoLTE enhancement
2.1 Collision handling for SPS case
For SPS case, when existing set of repetition factors {1,2,4,8,12,16,24,32} is reused, and based on the assumption that configuration of repetition factors should avoid the collision of UL transmission and next DL reception, fully utilization of all the subframes within a inter-transmission interval for DL and UL transmission cannot be ensured as shown in Figure 1. DL reception mentioned here includes the reception of MPDCCH and PDSCH, and starts from the beginning of an inter-transmission interval. For example, in the case of inter-transmission interval equal to 40ms, when 12 subframes are reserved for DL transmission and 2 subframes are used as DL/UL switch time, maximum 26 subframes are allowed for UL transmission. However, since value ‘26’ is not included in the value set of repetition factors, PUSCH repetition factor only can be configured to 24 in order to avoid collision of UL transmission and next DL reception, thus 2 subframes within a inter-transmission interval cannot be utilized. 
For SPS case, inter-transmission interval equals to SPS interval, and allowable maximum number of PUSCH repetitions within a inter-transmission interval can be obtained easily based on inter-transmission interval. In order to maximize the resource utilization within a inter-transmission interval and further improve UL coverage, the following optimized scheme can be considered: 1) The configuration of repetition factors allows collision of UL transmission and next DL reception. 2) When UL transmission collides with next DL reception, UL transmission should be terminated early. Still referring to the previous example, based on the above optimized scheme, repetition factor of 32 is allowed. In this case, the actual repetition factor for PUSCH transmission is allowable maximum number of PUSCH repetitions within the inter-transmission interval, i.e. 26.
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Figure 1 Example of fragmented subframe resources within a inter-transmission interval
Proposal 1: For SPS case, PUSCH repetition factor can be configured with the value larger than the allowable maximum repetition factor within a inter-transmission interval.
· When PUSCH transmission collides with next DL reception, PUSCH transmission is terminated early.
2.2 Adjusted scheduling relationships between physical channels
Depending on adjusted scheduling relationships between physical channels, unnecessary gaps caused by scheduling restriction can be reduced. In this case, more available subframes can be utilized for DL/UL transmission, which will increase the coverage of VoLTE transmission. 
In RAN1#87 meeting, the following three options were considered for adjusted scheduling relationship:
· Option 1: Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI.
· Option 2: Introduce a dynamic timing relationship between UL grant and PUSCH
· Option 3: Introduce a dynamic timing relationship between DL assignment and PDSCH

Besides Option 1, Option 2/3 can also improve resource utilization which is beneficial for VoLTE enhancement. As shown in Figure 2, even when dynamic HARQ-ACK timing is supported, there still are some transmission gaps between DL assignment and PDSCH and between PDSCH and UL grant within a 40ms inter-transmission interval. The transmission gap between DL assignment and PDSCH is caused by DL scheduling restriction while the gap between PDSCH and UL grant is caused by restriction of MPDCCH search space configuration. For example, when Rmax is 4, the possible search space intervals are {4,6,8,10,16,20,32,40}; in order to reduce gaps between PDSCH and UL grant, the interval between the two search spaces for DL assignment and UL grant should be 9, however 9 is not included in the value set of search space intervals.
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Figure 2 Example of dynamic timing relationship between PDSCH and HARQ-ACK
By using Option 2 and Option 3, the two DCIs for DL assignment and UL grant can be transmitted back-to-back within a 40ms inter-transmission interval as shown in Figure 3. More subframes can be utilized for DL/UL (re)transmissions, which will further increase the coverage of VoLTE transmission.
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Figure 3 Example of dynamic timing between UL grant (DL assignment) and PUSCH(PDSCH)
For timing relationship between DL assignment and PDSCH, when the last subframe of MPDCCH repetitions for DL assignment is subframe n, the first subframe of PDSCH repetitions is subframe n+k0. The DL scheduling delay k0 is determined by MPDCCH repetition number for UL grant and can be dynamically indicated in DCI. Specifically, if it is assumed that MPDCCH repetition number for UL grant is the same as that for DL assignment, one bit can be introduced in DCI to indicate k0. When this bit is set to “0”, k0 is equal to 2, which means there is no UL grant after DL assignment; otherwise, k0 is equal to RMPDCCH+1, RMPDCCH is MPDCCH repetition number.
Proposal 2:  Dynamic timing relationship between DL assignment and PDSCH is supported.
· One bit is introduced in DCI to indicate DL scheduling delay.
For timing relationship between UL grant and PUSCH, when last subframe of MPDCCH repetitions for UL grant is subframe n, the first subframe of PUSCH repetitions is subframe n+k1. The UL scheduling delay k1 is determined by PDSCH repetition number and can be indicated in DCI. Specifically, when maximum PDSCH repetition number is configured to 8, the value set of k1 can be {4,6,10,reserved}, which is corresponding to {1,2,4,8} PDSCH repetitions; when maximum PDSCH repetition number is configured to 16, the value set of k1 can be {4,6,10,18}, which is corresponding to {1,4,8,16} PDSCH repetitions; when maximum PDSCH repetition number is configured to 32, the value set of k1 can be {4,6,18,34}, which is corresponding to {1,4,16,32} PDSCH repetitions. In addition, when there is no DL transmission, the k1 can be configured to 4.
Proposal 3: Dynamic timing relationship between UL grant and PUSCH is supported. 
· UL scheduling delay is indicated in DCI by 2 bits.

· The value set for UL scheduling delay is one of {4,6,10,reserved}, {4,6,10,18}, and {4,6,18,34} determined by “Set of PDSCH repetition numbers”.
3 Conclusions
In this contribution, we have discussed remaining issues for VoLTE enhancement for FeMTC from RAN1 perspective. We make the following proposals:
Proposal 1: For SPS case, PUSCH repetition factor can be configured with the value larger than the allowable maximum repetition factor within a inter-transmission interval.

· When PUSCH transmission collides with next DL reception, PUSCH transmission is terminated early.

Proposal 2:  Dynamic timing relationship between DL assignment and PDSCH is supported.
· One bit is introduced in DCI to indicate DL scheduling delay.

Proposal 3: Dynamic timing relationship between UL grant and PUSCH is supported. 
· UL scheduling delay is indicated in DCI by 2 bits.

· The value set for UL scheduling delay is one of {4,6,10,reserved}, {4,6,10,18}, and {4,6,18,34} determined by “Set of PDSCH repetition numbers”.
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