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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#80bis, regarding PDSCH scheduling, following agreements were made [2],

	Agreements:
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total

· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:

· Option 1: k is fixed

· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)

· Option 2: k is variable

· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used

· FFS: Which Option to select may depend on amount of required coverage enhancement


In RAN1#81, regarding M-PDCCH, PDSCH, and PUSCH transmission for a new low-complexity MTC UE, some agreements were made as follows [3],
	Agreements:

· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers

· Note: the configuration can be explicit or implicit

· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions

· Note: any previous agreements on RV still hold

· The dynamic signaling is via:

· Option 1: existing field in DCI 

· Option 2: A new field in DCI dedicated to provide the number of repetitions 
Confirm the following revised working assumption at RAN1#80bis meeting

Working assumption:

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,
· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

·  CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband

This doesn’t preclude predefined frequency hopping 
· Value of k in Case 1 is:

· k>=2

· RAN1 will select a single fixed value of k after receiving RAN4 input on retuning time

· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).

· When k > 2, RTT may need to be modified.

· Value of k in Case 2 is:

· k=1

· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied

· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
Agreements:
· Rel-13 low complexity UE supports only QPSK and 16QAM as modulation schemes for PDSCH


In this contribution, we discuss on possible contents of DCI for Rel-13 low-complexity UEs with respect to above aspects and agreements.
2 DCI contents for PDSCH and PUSCH scheduling
In RAN1#79 meeting, it was agreed to strive to reduce active transmission/reception time by considering the DCI size [4]. To reduce DCI size, we discuss about which fields are really necessary for low-complexity UE.
In our opinion, DCI contents for MTC UEs requiring coverage enhancement and MTC UEs in normal coverage can be composed differently. To minimize repetition number of M-PDCCH, DCI size for MTC UEs in coverage enhancement needs to be reduced further. In addition, since data transmission schemes can be simplified to reduce UE complexity, it is worth to consider composing DCI contents separately for data scheduling in coverage enhancement and normal coverage.
On the other hand, DCI contents for normal coverage and small coverage enhancement can be same. To reduce UE complexity and cost, Rx/RF antenna chain is reduced to one and maximum transmit power of UE is reduced. Therefore, even for MTC UEs in normal coverage, small coverage enhancement could be required to achieve similar coverage compared to legacy UEs. In addition, coverage enhancement level between normal coverage and small coverage enhancement needs to be changed flexibly when we consider that MTC UEs in normal coverage can have mobility.
Therefore, we propose that DCI contents for data scheduling are formed separately for MTC UEs in normal coverage/small coverage enhancement and MTC UEs in medium/high coverage enhancement.

Proposal 1: DCI contents for data scheduling are composed separately for MTC UEs in normal coverage/small coverage enhancement and MTC UEs in medium/high coverage enhancement.
2.1 DL grant
In this section, we discuss DCI contents for PDSCH scheduling for MTC UEs. As we proposed in the previous section, DCI contents for MTC UEs in normal coverage/small coverage enhancement and medium/high coverage enhancement can be separated. The proposed DCI contents are listed in Table 1.
Table 1. DCI contents for PDSCH scheduling
	DCI contents
	Normal coverage/small CE
	Medium CE/high CE

	Narrowband index
	O
	X

	PRB assignment within a narrowband
	O
	X

	Repetition number of PDSCH
	O
	O

	Modulation and coding scheme
	O
	O

	HARQ process number
	O
	X

	New data indicator
	O
	O

	TPC for PUCCH
	O
	FFS

	Redundancy version
	O
	X


· Narrowband index
In RAN1#80bis, it was agreed that narrowband location is indicated by DCI for Rel-13 low complexity UEs in normal coverage under cross-subframe scheduling [2]. Therefore, a field to indicate narrowband index for PDSCH transmission is included in DCI for normal coverage and small coverage enhancement. However, for medium/high coverage enhancement, same narrowband scheduling can be assumed always. In this case, frequency diversity gain can be obtained by narrowband hopping during PDSCH repetition. Thus, a field for narrowband indication can be not included in DCI for medium/high coverage enhancement.
· PRB assignment within a narrowband
A field to configure PRB size and location within a narrowband is necessary for MTC UEs in normal coverage and small coverage enhancement to provide scheduling flexibility. However, dynamic indication of PRB location with high flexibility might not be needed for MTC UEs requiring medium/high coverage enhancement, since PDSCH would be transmitted using resources as much as possible to reduce repetition number. Then, it can be considered to remove PRB assignment field from DL grant.
· Repetition number of PDSCH
In the last meeting, there was an agreement that the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers for UEs in coverage enhancement [3]. Therefore, for UEs in small/medium/high coverage enhancement, repetition number of PDSCH should be indicated by DCI. To unify DCI contents for normal coverage and small coverage enhancement case, a field for configuring repetition number of PDSCH can be included in DCI even if a UE is in normal coverage. If repetition of PDSCH is not required, the repetition number of PDSCH would be configured to indicate 1 repetition.
· Modulation and coding scheme
Depend on application of MTC UEs, MTC UE can require various transport block size. Since Rel-13 low complexity UE supports only QPSK and 16QAM for PDSCH modulation, it can be considered to reduce MCS field size.

· HARQ process number
For MTC UEs in normal coverage and small coverage enhancement, it would be required to support more than one HARQ process number. However, it can be considered to support only one HARQ process for MTC UEs in medium/high coverage enhancement. If MTC UEs in medium/high coverage enhancement support one HARQ process, this field can be removed from DL grant.
· TPC for PUCCH
For MTC UEs in normal and small coverage enhancement, transmit power control (TPC) of PUCCH is necessary and it can be configured by DCI similar to legacy power control mechanism. TPC of PUCCH would be also required for medium/high coverage enhancement cast, because received power among multiple PUCCHs should be similar to perform CDM. However, since it can be assumed that MTC UEs operating medium/high coverage enhancement have low mobility or are static, TPC of PUCCH can be adjusted by transmitting DCI for power control (e.g., DCI format 3/3A) and TPC field in DCI can be eliminated. If TPC for PUCCH by DL grant is supported, absolute power setting similar to TPC of PUSCH can be introduced.
· Redundancy version
In our companion contribution [5], it is observed that applying patterned RV during data repetition can obtain better performance compared to applying single RV value during repetition for coverage enhancement case. Thus, redundancy field in DL grant can be removed and patterned RV can be used for PDSCH bundle transmission for MTC UEs in medium/high coverage enhancement. However, PDSCH would be transmitted via 1 subframe or small amount of subframes in normal coverage and small coverage enhancement, RV field needs to be remained in DL grant for normal coverage and small coverage enhancement.
Proposal 2: Fields in Table 1 are included in DCI for PDSCH scheduling for MTC UEs.
2.2 UL grant

Similar to DCI contents for PDSCH scheduling, the proposed DCI contents for PUSCH scheduling are shown in Table 2.

Table 2. DCI contents for PUSCH scheduling
	DCI contents
	Normal coverage/small CE
	Medium CE/high CE

	Narrowband index
	O
	X

	PRB assignment within a narrowband
	O
	O

	Repetition number of PUSCH
	O
	O

	Modulation and coding scheme
	O
	O

	New data indicator
	O
	O

	TPC for PUSCH
	O
	X

	CSI request
	O
	O

	SRS request
	O
	FFS

	Acknowledgement location indicator
	O
	X


· Narrowband index
As we discussed for DL grant contents, a field to indicate narrowband index for PUSCH transmission is included in DCI for normal coverage and small coverage enhancement. For medium/high coverage enhancement, same narrowband scheduling can be assumed always, so this field would not be required.

· PRB assignment within a narrowband
PRB size and location of PUSCH can be configured for MTC UEs in normal coverage and small coverage enhancement. In case of medium/high coverage enhancement, PUSCH can be transmitted using 1 PRB always to obtain power boosting effect. Therefore, only PRB location of this 1 PRB for PUSCH transmission can be indicated by UL grant.
· Repetition number of PUSCH
A field to indicate repetition number of PUSCH transmission is included in UL grant as discussed in DL grant case.
· Modulation and coding scheme
This field is necessary to support various transport block size, but it can be considered to reduce field size.

· TPC for PUSCH
Similar to legacy power control mechanism, transmit power control (TPC) of PUSCH can be configured by DCI for MTC UEs in normal and small coverage enhancement. However, in case of medium/high coverage enhancement, it would be desirable to transmit PUSCH with the maximum transmit power to reduce the PUSCH repetition number. Thus, TPC for PUSCH field can be eliminated from UL grant.
· CSI request
Aperiodic CSI request is supported for Rel-13 low-complexity UEs.
· SRS request
Aperiodic SRS request can be supported for Rel-13 low-complexity UEs in normal coverage and small coverage enhancement. However, it needs to be discussed further whether aperiodic SRS is useful for medium/high coverage enhancement case.
· Acknowledgement location indicator
One way to transmit ACK/NACK information of PUSCH is that introducing a DCI format containing ACK/NACK information of multiple PUSCHs and transmitting this DCI via M-PDCCH. Then, N-bit bitmap in the DCI can contain the ACK/NACK information of N PUSCHs. Under this assumption, a UE transmitted a PUSCH needs to know the location of bit among N-bit bitmap that contains ACK/NACK information of the PUSCH. In this case, the location of ACK/NACK information for scheduled PUSCH can be indicated by UL grant.
Proposal 3: Fields in Table 2 are included in DCI for PUSCH scheduling for MTC UEs.
3 Conclusion 

In this contribution, we discussed about possible contents of DL grant and UL grant for Rel-13 low-complexity UEs, and obtained following proposals.
Proposal 1: DCI contents for data scheduling are composed separately for MTC UEs in normal coverage/small coverage enhancement and MTC UEs in medium/high coverage enhancement.
Proposal 2: Fields in Table 1 are included in DCI for PDSCH scheduling for MTC UEs.
Proposal 3: Fields in Table 2 are included in DCI for PUSCH scheduling for MTC UEs.
4 Reference
[1] Ericsson, Nokia Networks, “Further LTE Physical Layer Enhancement for MTC,” RP-141660, Edinburgh, Scotland, 9th  – 12th September 2014
[2] RAN1 chairman’s notes, RAN1#80bis, Belgrade, Serbia, 20th – 24th April 2015
[3] RAN1 chairman’s notes, RAN1#81, Fukuoka, Japan, 25th – 29th May 2015
[4] RAN1 chairman’s notes, RAN1#79, San Francisco, USA, 17th – 21st November 2014
[5] LG Electronics, “Discussion on PDSCH transmission,” R1-154235, Beijing, China, 24th – 28th August 2015

6/6


