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Introduction
[bookmark: _Ref129681832]In RAN1#87 meeting, the conclusion of VoLTE enhancements in FeMTC [1] is as following:
Agreements:
· 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
· On ‘SRS coverage enhancement’:
· P-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE
· A-SRS can be transmitted on at most 6 UpPTS symbols in the same subframe for the same FeMTC UE
· Use similar RRC signalling as introduced for the corresponding functionality in the Rel-14 WI for SRS-based carrier switching
· This is an optional UE capability 
The agreements above involve solutions to most of the issues from the RAN1#86bis meeting. This contribution mainly discusses the remaining issues for this feature, including SPS support for BL/CE half-duplex UE in CE mode A and the adjusted scheduling relationship between physical channels.
SPS support for half-duplex UE
In order to reduce the transmission time consumption for MPDCCH and improve the VoLTE coverage for PUSCH and PDSCH, semi-persistent scheduling (SPS) should be supported for BL/CE half-duplex UE in CE Mode A. However, for SPS case, UE still has to monitor the DCI with HARQ process ID for dynamic scheduling in the new PUSCH enhancement mode. So there will be some subframes pre-configured to UE for MPDCCH monitoring, e.g. the subframes #0 and #1 in Figure 1. During subframes #0 and #1, UE monitors DCI for SPS-C-RNTI.
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Figure 1. Scheduling of channels for half-duplex UE SPS case
Proposal 1: UE is expected to monitor the DCI in subframes of MPDCCH candidate subframes when it is in downlink transmission time.
For those subframes used for PDSCH transmission, which could also be used for DCI transmission, UE should expect both MPDCCH and PDSCH possibilities for the content in those subframes. For example, UE can firstly try to decode the MPDCCH, if failed then try with PDSCH decoding.
Proposal 2: UE shall expect both MPDCCH and PDSCH possibilities for those subframes scheduled for PDSCH and which could have DCI transmission for ACK/NACK grants.
Adjusted scheduling relationships between physical channels
In RAN1#87 meeting, adjusted timing relationship between PDSCH and corresponding A/N is specified. Timing relationship between UL grant and PUSCH, DL assignment and PDSCH remains FFS. In our former contribution [2], we discuss two options for the flexible timing relationship, illustrated again here. 
[image: ]
Figure 2. Flexible feedback delay to increase VoLTE coverage
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Figure 3. Flexible uplink scheduling delay to increase VoLTE coverage
The option in Figure 3 with flexible UL grant to PUSCH timing relationship can save more TTIs for transmission than the existing scheduling method of Figure 2. In addition, in Figure 3 timing interval from DL assignment to PDSCH is not restricted as 3 TTIs, which means the flexible timing between DL assignment and PDSCH can be implicitly known based on DCI repetition number. If the dynamic timing between DL assignment and PDSCH is instead indicated in DCI, another field may be added in DCI besides the field for PDSCH and corresponding A/N, which increases DCI payload as well.
Therefore, we have the following proposals:
Proposal 3: Introduce a dynamic timing relationship between UL grant and PUSCH controlled by DCI.
Proposal 4: Introduce a dynamic timing relationship between DL assignment and PDSCH, with the scheduling delay determined from the DCI repetition number.
Conclusion
In this paper, we discuss the remaining issues for VoLTE enhancements in FeMTC, and the following proposals are:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: UE is expected to monitor the DCI in subframes of MPDCCH candidate subframes when it is in downlink transmission time.
Proposal 2: UE shall expect both MPDCCH and PDSCH possibilities for those subframes scheduled for PDSCH and which could have DCI transmission for ACK/NACK grants.
Proposal 3: Introduce a dynamic timing relationship between UL grant and PUSCH controlled by DCI.
Proposal 4: Introduce a dynamic timing relationship between DL assignment and PDSCH, with the scheduling delay determined from the DCI repetition number.
References
[bookmark: _Ref331106417][bookmark: _Ref345149415]“RAN1 Chairman’s Notes”, RAN1#87, Reno, USA, November.14-18, 2016.
R1-1611187, “VoLTE enhancements in FeMTC”, Huawei, HiSilicon, RAN1#87, Reno, USA, November, 2016.
3GPP TS 36.213, “Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, v14.0.0, September. 2016.

image3.emf
 

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

MPDCCH DL grant

PDSCH

UL grant

PUCCH

0 1 2 3 4 5 6 7 8 9

PDSCH

PUSCH

PUCCH

n+x

n+4

PUSCH


image1.emf
 

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

MPDCCH

PDSCH

PUCCH

0 1 2 3 4 5 6 7 8 9

PDSCH

PUSCH

PUCCH

  PUSCH

PDSCH

PUCCH

  PUSCH


image2.emf
 

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

MPDCCH DL grant

PDSCH

UL grant

PUCCH

0 1 2 3 4 5 6 7 8 9

PDSCH

PUSCH

PUCCH

n+x

n+4

PUSCH


