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1 Introduction

In RAN1#87 meeting, the conclusion of voice and video coverage enhancement [1] is as following:
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.

Agreements:

· 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

· Re-use the resource assignment field of DCI Format 0 for the new PUSCH enhancement mode
This contribution mainly discusses the remaining issues for this feature.
2 Design on DCI
Since we are reusing many features from CE Mode A, it would be natural to re-use the same DCI format of CE Mode A as much as possible, which is DCI format 6-0A in [2]. For the detailed design, there would be no DCI repetition supported, which means that the DCI subframe repetition number field is not needed. In addition, when UE is configured in PUSCH enhancement mode in poor coverage area, considering UE transmitting in maximum power, TPC field is not needed either. Meanwhile, as agreed in [1], TBS restriction of CE Mode A does not apply in the new PUSCH enhancement mode, which means MCS field needs to be extended to 5 bits. Except for the fields discussed above, the other fields in DCI format 6-0A can be reserved.
Also, in PUSCH enhancement mode, to further improve coverage, it is preferable to add the precoding field in the new DCI to keep UE the capability of precoding and UL beamforming.
For CSI request field, as in the new PUSCH enhancement mode, DL remains the same as the normal mode, UEs may be configured with more than one DL cell (more than 5 DL cell in mCA case), so we propose to reuse the CSI request field of DCI format 0, which consists of 1/2/3 bits.

Proposal 1: For new PUSCH enhancement, the DCI is based on DCI format 6-0A with necessary modifications.
Proposal 2: UE in new PUSCH enhancement mode transmit with maximum power, and TPC command is not supported.

Proposal 3: UL beamforming is supported in the new PUSCH enhancement mode.

Proposal 4: For new PUSCH enhancement mode, the CSI request field of format 0 is re-used.

DCI field design for the new PUSCH enhancement field is summarized in Table 1 as the following.

Table 1. DCI for eVoLTE

	DCI field
	Payload Size

	Resource allocation type
	1 bit

	Frequency hopping flag
	1 bit

	Resource block assignment
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	MCS
	5 bits

	Repetition number
	3 bits

	HARQ process number
	3 bits

	NDI
	1 bit

	RV
	2 bits

	UL index
	2 bits

	DAI
	2 bits

	CSI request
	1/2/3 bit(s)

	SRS request
	1 bit

	Precoding information
(If UL beamforming is configured)
	3/6 bits


Proposal 5: Introduce DCI format for the new PUSCH enhancement mode as summarized in Table 1.
RV definition
In order to keep less standard effort, we simply propose to re-use eMTC RV definition of cycling pattern in PUSCH transmission.
Proposal 6: Re-use legacy RV cycling pattern of PUSCH transmission in eMTC.
3 Frequency hopping parameters

The remaining issues on frequency hopping are two parameters, the time domain hopping interval for TDD and frequency hopping offset.

As agreed in last meeting, the maximum repetition number is 32, which is the same as eMTC Mode A. Therefore, the time domain hopping interval for TDD can be the same with Mode A that it is configured as one of {1, 5, 10, 20} subframes.

For frequency hopping offset, since the maximum supported bandwidth is increased to 20MHz and there is no narrow band for new PUSCH enhancement, we propose that the frequency hopping offset can be from 1 to maximum PRB number, i.e. from 1 to 100 PRB.
Proposal 7: For new PUSCH enhancement mode, the time domain hopping interval is configured as one of {1, 5, 10, 20} subframes for TDD.
Proposal 8: For new PUSCH enhancement mode, frequency domain hopping offset can be configured from 1 to 100 PRB(s).
4 Msg3 on PUSCH

When the UE uplink synchronization is lost, eNB may indicate UE to send non-contention based PRACH with a PDCCH order. In this case, the UE is still under new PUSCH enhancement mode. Since Msg3 in random access procedure is transmitted through PUSCH and indicated by UL grant in RAR, RAR under the new PUSCH enhancement mode needs to be enhanced. One simple option is simply re-using eMTC UL grant in RAR, which involves the number of PUSCH repetitions for initial Msg3 transmission. However, since the resource allocation under new PUSCH enhancement mode is different from that of eMTC, the RAR needs to be changed significantly. Another option is to use the RAR of normal UE, but the TPC field is used to indicate repetition number of PUSCH as UE by default is in maximum transmission power under the new PUSCH enhancement mode. Therefore, we have the following proposal:
Proposal 9: For a UE configured with the new PUSCH enhancement mode, the TPC field in RAR corresponding to a non-contention PRACH indicated by PDCCH order indicates the repetition number of msg3 of RACH procedure.
5 Configuration and Switching
PUSCH enhancement mode configuration

Whether PUSCH enhancement mode is supported per cell or per UE should be considered. If PUSCH enhancement mode is UE-specific, serving cells for one UE  shall be configured with the same RRC message including both Pcell and Scell. On the other hand, if PUSCH enhancement mode is for non-CA case, it is preferable to configure eVoLTE only in Pcell to reduce complexity.

Proposal 10: New PUSCH enhancement mode is configured either per UE or per cell, and if per cell, it is only configured in Pcell.
With the voice and video coverage enhancement mode specified, the UE will have two modes to select: 1) normal mode; 2) PUSCH enhancement mode. When UE with voice traffic moves to poor coverage environment as shown in Figure 1, the switching from normal mode to eVoLTE mode is triggered; on the contrary, when UE moves from poor coverage to good coverage, the switching from CE mode to normal mode should be triggered.
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Figure 1. UE move with coverage mode switching
Considering the continuity of VoLTE service, it’s reasonable to use RRC signaling to indicate the switch as agreed in RAN1#87.  In this way, UE could smoothly switch to eVoLTE mode without any delay or service break. The fallback mechanism of switching between modes has been agreed in RAN1#87, with legacy DCI format 0 and DCI format 1A in CSS. Based on this, in a direct way, we propose the triggering DCI for switching between modes transmitted in UE-specific search space. Therefore, we have the following proposals:
Proposal 11: UE monitors the new introduced DCI with HARQ process ID in UE-specific search space if the UE is RRC reconfigured to switch from normal mode to the new PUSCH enhancement mode.

Proposal 12: UE monitors the DCI format 0/4 without HARQ process ID in UE-specific search space if the UE is RRC reconfigured to switch from the new PUSCH enhancement mode to normal mode.
6 Support of SPS
In VoLTE, PUSCH transmission can be done in certain subframes even without PDCCH when SPS is configured. This will effectively reduce the PDCCH overhead. For PUSCH enhancement mode, in order to improve the coverage, we make the following proposal:
Proposal 13: Support SPS in the new PUSCH enhancement mode.
When SPS is configured, DCI with UL grant may be scrambled by SPS C-RNTI or C-RNTI. For C-RNTI case, dynamic resource allocation of PDCCH replaces only one SPS subframe. When switching between modes is triggered for UE, UL grant for SPS should be updated with DCI scrambled by SPS C-RNTI for permanent use.
Proposal 14: If SPS is configured, triggering DCI can only be scrambled with SPS C-RNTI.
Since we design triggering DCI based on DCI format 6-0A for the non-SPS configuration case, it is natural to define the fields value of the new format DCI scrambled by SPS based on SPS Activation PDCCH Validation. Validation for SPS case triggering is achieved if all the fields for the respective used DCI format are matched (with repetition number indicated by eNB). The fields definition is summarized as following, modified from Table 9.2-1B in [3].
Table 9.2-1B: Special fields for Semi-Persistent Scheduling Activation PDCCH Validation

	
	DCI format 6-0A
	DCI format 6-1A
	New DCI format

	HARQ process number
	set to '000'
	FDD: set to '000'

TDD: set to '0000
	Indicated by eNB

	Redundancy version
	set to '00'
	set to '00'
	set to '00'

	TPC command for scheduled PUSCH
	set to '00'
	N/A
	N/A

	TPC command for scheduled PUCCH
	N/A
	set to '00'
	N/A


Proposal 15: For SPS case, UE is triggered to switch to the new PUSCH enhancement mode if all the fields in the new format DCI with repetition number are matched with the modified Table 9.2-1B.
7 Conclusion

In this paper, we discuss the remaining issues for voice and video coverage enhancement, and the following proposals are:
Proposal 1: For new PUSCH enhancement, the DCI is based on DCI format 6-0A with necessary modifications.
Proposal 2: UE in new PUSCH enhancement mode transmit with maximum power, and TPC command is not supported.

Proposal 3: UL beamforming is supported in the new PUSCH enhancement mode.

Proposal 4: For new PUSCH enhancement mode, the CSI request field of format 0 is re-used.

Proposal 5: Introduce DCI format for the new PUSCH enhancement mode as summarized in Table 1.
Proposal 6: Re-use legacy RV cycling pattern of PUSCH transmission in eMTC.
Proposal 7: For new PUSCH enhancement mode, the time domain hopping interval is configured as one of {1, 5, 10, 20} subframes for TDD.
Proposal 8: For new PUSCH enhancement mode, frequency domain hopping offset can be configured from 1 to 100 PRB(s).
Proposal 9: For a UE configured with the new PUSCH enhancement mode, the TPC field in RAR corresponding to a non-contention PRACH indicated by PDCCH order indicates the repetition number of msg3 of RACH procedure.
Proposal 10: New PUSCH enhancement mode is configured either per UE or per cell, and if per cell, it is only configured in Pcell.
Proposal 11: UE monitors the new introduced DCI with HARQ process ID in UE-specific search space if the UE is RRC reconfigured to switch from normal mode to the new PUSCH enhancement mode.

Proposal 12: UE monitors the DCI format 0/4 without HARQ process ID in UE-specific search space if the UE is RRC reconfigured to switch from the new PUSCH enhancement mode to normal mode.
Proposal 13: Support SPS in the new PUSCH enhancement mode.
Proposal 14: If SPS is configured, triggering DCI can only be scrambled with SPS C-RNTI.
Proposal 15: For SPS case, UE is triggered to switch to the new PUSCH enhancement mode if all the fields in the new format DCI with repetition number are matched with the modified Table 9.2-1B.
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