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1 Introduction

 In RAN#73, the SI “study on enhancement of VoLTE”[1] was completed and the following WI “WI on Voice and Video Enhancement for LTE”[2] was approved, with the RAN1 involved objective 3b as listed below:

3. VoLTE quality/coverage enhancements
…
b. Specify asynchronous UL HARQ transmission, bundle hopping enabling multi-subframe channel estimation, and different repetition levels for the UEs with Category 0 and above (RAN1, RAN2)
i. Strive for a solution that is as similar as possible to PUSCH solution in CE mode A

1. Decide maximum bandwidth [RAN1]

2. Support scheduling by PDCCH and EPDCCH

ii. No further coverage enhancements are done for other channels (e.g.  no repetition etc. for other channels than PUSCH).
Aiming at the objectives above, this contribution discusses the corresponding design and possible specification changes in RAN1.
2 The eVoLTE CE technologies and corresponding standard requirements
The main purpose of the eVoLTE CE technologies is to reuse as much as possible the existing CE technologies in eMTC CE mode A, while keeping independent of eMTC “CE mode A” capability. For the asynchronous UL HARQ transmission, bundle hopping enabling multi-subframe channel estimation, and different repetition levels listed in the WID, the corresponding support in RAN1 eMTC are:
· Asynchronous UL HARQ transmission
For BL/CE UEs, according to section 8.0 and 9.0 of 36.213[3], the DCI format 6-0A includes the new fields such as HARQ process number. This enables the uplink asynchronous HARQ, which increases the flexibility to schedule different UL HARQ processes as needed.
· Bundle hopping enabling multi-subframe channel estimation
For BL/CE UEs, according to section 5.3.4 of 36.211[4], the PUSCH is transmitted with 
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repetitions. The PUSCH transmission spans 
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 consecutive subframes, and remains in the same PRB(s) for 
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 subframes in frequency hopping, which is configured by RRC. This means for narrowband hopping, the multi-SF estimation can be utilized even with frequency hopping.
· Different repetition levels
CE Mode A describes a set of behaviors for no repetitions and small number of repetitions [4]. Three sets of repetition numbers as pusch-maxNumRepetitionCEmodeAI can be configured by the higher layer, and in each configuration layer eNB can indicate the repetition number per TTI, as specified in Table 8.2b of 36.213[3].
Table 8.2b: PUSCH repetition levels (DCI Format 6-0A)

	Higher layer parameter

‘pusch-maxNumRepetitionCEmodeA’
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	Not configured
	{1,2,4,8}

	16
	{1,4,8,16}

	32
	{1,4,16,32 }


From the table above, we can see that the CE mode A can support repetition number of “1, 2, 4, 8, 16, 32”which can deliver sufficient flexibility for the transmission. For possible new repetition factors to be studied in FeMTC WI[5], eVoLTE can also reuse the result to be changed to the DCI Format 6-0A. However when new repetition factors introduced, in order not to increase the indicating bits for the factors, it is desired to rely on higher layer indication (e.g. RRC message) to indicate the meaning of repetition value set and {n1,n2,n3,n4} values in it.
From the analysis above, we can conclude for the three aspects of PUSCH coverage enhancement, the functions are all have specified in DCI Format 6-0A. 
Observation 1: For the normal VoLTE UE, the existing fields “HARQ process number, Repetition number” etc. in DCI format 6-0A are enough to support PUSCH coverage enhancement techniques.

Proposal 1: New higher layer indication is required to configure the set of (new) repetition numbers, and hopping interval in time and frequency domain. FFS whether new repetition numbers are supported.
As the results of Rel-13 eMTC, now the specification supports the DCI 6-0A transmission in MPDCCH channel, while for normal VoLTE UE which requires the PUSCH coverage enhancement with the first priority, the DCI are transmitted in normal PDCCH or EPDCCH. So for this purpose, the DCI Format for eVoLTE should be transmitted in PDCCH and EPDCCH. 
Proposal 2: New DCI Format non-BL UE VoLTE coverage enhancement is proposed to be transmitted in PDCCH and EPDCCH.

For the normal VoLTE UE to transmit eVoLTE DCI Format in PDCCH and EPDCCH, the blind detection number should be considered which impacts UE complexity. Because this format has different length with DCI Format 0, in order to not increase the UE blind detection number, mechanism is required to ensure DCI 0 and eVoLTE DCI to be not transmitted together.  And UE is indicated to not detect DCI 0 or DCI 6-0A simultaneously, in PDCCH or EPDCCH.
Proposal 3: DCI Format 0 and eVoLTE DCI are not transmitted in PDCCH or EPDCCH simultaneously.
In the WID, RAN1 was also required to decide the maximum bandwidth. For the PDSCH, because the coverage can be increased by lower coding rate and higher PRB number, so there’s no reason to limit the PDSCH bandwidth from the coverage perspective. In the uplink, there is no need to enlarge the bandwidth considering low data rate for voice traffic. However, for uplink video, as described in [6], there’s need to enlarge the PUSCH bandwidth resource for medium data rate. So the PUSCH maximum bandwidth is proposed to be not limited for eVoLTE.
Proposal 4: For the maximum bandwidth, it is proposed to not restrict the bandwidth for VoLTE (non-BL UEs) coverage enhancement in PDSCH and PUSCH, i.e. both should support up to 20MHz. 
For eVoLTE, since PDSCH works in legacy wideband manner and only PUSCH is impacted by the relaxed bandwidth, the redesign on uplink grant based on DCI 6-0A is expected. In DCI format 6-0A, a total of 
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+5 information bits are transmitted for resource block assignment [3]:
· 
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 MSB bits provide the narrowband index as defined in section 5.2.4 of [4]
· 5 bits provide the resource allocation using UL resource allocation type 0 within the indicated narrowband
Table 1: New grant compared to legacy formats
	field
	DCI format 0 (bits)
	DCI format 6-0A (bits)
	 New DCI based on 6-0A

	Carrier indicator
	0/3
	
	

	Flag for differentiation
	1
	1
	1

	Frequency hopping flag
	1
	1
	1

	Resource block assignment
	Ceil(log2(NRBUL(NRBUL+1)/2))

For 10MHz: 11
	Ceil(log2(floor(NRBUL/6)))+5

For 10MHz: 8
	Ceil(log2(NRBUL(NRBUL+1)/2))

For 10MHz: 11

	MCS and RV
	5
	4+2
	4+2

	Repetition number
	
	2
	2

	Harq process number
	
	3
	3

	New data indicator
	1
	1
	1

	TPC
	2
	2
	2

	CS for DMRS and OCC
	3
	
	

	UL index (TDD)
	2
	2
	2

	DAI (TDD)
	2
	2
	2

	CSI request
	1, 2 or 3
	1
	1

	SRS request
	0, 1
	1
	1

	RA type
	1
	
	

	DCI subframe repetition number
	
	2
	

	Sum(TDD)
	30~36
	32
	33

	Sum(FDD)
	26~32
	28
	29


However when the PUSCH bandwidth is extended to 20MHz, the existing “Resource block assignment” in DCI format 6-0A is not enough. So the easiest way to redesign a new grant as similar as possible to the DCI format 6-0A is to just replace this “Resource block assignment” in DCI format 6-0A with that field in DCI format 0, as listed in Table 1. In the same time, since in eVoLTE only PUSCH improvement is considered, then the filed “DCI subframe repetition number” in DCI format 6-0A is no longer needed.

Proposal 5: The eVoLTE DCI is based on DCI format 6-0A with following changes:

· the “Resource block assignment” is replaced with that of DCI format 0,
· remove “DCI subframe repetition number” field in DCI format 6-0A.
3 Conclusion

In this paper, the coverage enhancement techniques are discussed for enhanced VoLTE and following observation and proposals are concluded: 
Observation 1: For the normal VoLTE UE, the existing fields “HARQ process number, Repetition number” etc. in DCI format 6-0A are enough to support PUSCH coverage enhancement techniques.
Proposal 1: New higher layer indication is required to configure the set of (new) repetition numbers, and hopping interval in time and frequency domain. FFS whether new repetition numbers are supported.

Proposal 2: New DCI Format non-BL UE VoLTE coverage enhancement is proposed to be transmitted in PDCCH and EPDCCH.

Proposal 3: DCI Format 0 and eVoLTE DCI are not transmitted in PDCCH or EPDCCH simultaneously.
Proposal 4: For the maximum bandwidth, it is proposed to not restrict the bandwidth for VoLTE (non-BL UEs) coverage enhancement in PDSCH and PUSCH, i.e. both should support up to 20MHz.

Proposal 5: The eVoLTE DCI is based on DCI format 6-0A with following changes:

· the “Resource block assignment” is replaced with that of DCI format 0,
· remove “DCI subframe repetition number” field in DCI format 6-0A.
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