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1 Introduction

In RAN1#87, DCI formats and search spaces for multi-cast scheduling were concluded [1]. However, detailed DCI design to support other Rel-14 FeMTC features is not clear. In this contribution, we give our views on the whole design of DCI and search space for FeMTC UEs.

2 Features
2.1 Larger TBS

“Use 4-bit MCS field for PDSCH/PUSCH for BL/CE UE configured with larger max PDSCH/PUSCH channel bandwidth” was agreed in RAN1 #87 meeting, so there is no DCI impact to support larger TBS.

2.2 Larger Bandwidth

According to previous agreements:

· 1.4 MHz, 5 MHz and 20 MHz bandwidth are supported for PDSCH in both CEMode A and CEMode B
· 1.4 MHz and 5 MHz bandwidth are supported for PUSCH in CEMode A

· 1.4 MHz bandwidth is supported for PUSCH in CEMode B

As analyzed in our companion contributions [2], [3], it is achievable to have the same payload size as resource allocation of Rel-13 DCI formats in CEMode A and CEMode B. The following table summarizes the payload of resource allocation for PDSCH and PUSCH in different CEModes.

Table 1: Payload of resource allocation for PDSCH and PUSCH in different CEModes
	Resource allocation
	Payload size

	PDSCH resource allocation in CEMode A
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	PUSCH resource allocation in CEMode A
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	PDSCH resource allocation in CEMode B
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	PUSCH resource allocation in CEMode B
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Proposal 1: For Rel-14 resource allocation, the same payload size as resource allocation of Rel-13 DCI formats in CEmode A and CEmode B for the corresponding system bandwidth is used.

2.3 10 HARQ processes

In RAN1#87 two alternatives for HARQ process number indication for the “10 HARQ processes” feature were discussed:

Alt 1. When the 10-HARQ-process sub-feature is enabled by RRC, the “HARQ process number” field in DCI is increased to 4 bits.

Alt 2. The 10-HARQ-process sub-feature is only configured when rmax of MPDCCH does not exceed 4, in which case the HARQ process number is indicated jointly by the 3-bit “HARQ process number” DCI field and the unused state (i.e. “r4”) in the “subframe repetition number” DCI field [4].
Alt 1 was then taken as a working assumption in RAN1. The main reason given in support of Alt 1 was that if there is a coupling between rmax and 10-HARQ-process as proposed in Alt 2, the change of coverage level (resulting in transition of rmax between <=4 and >4) would require RRC reconfiguration for 10-HARQ-process. This reason does not sound as convincing as it should be to exclude Alt 2, because whenever rmax is reconfigured, an RRC reconfiguration message is anyway necessary, and there is not additional overhead in reconfiguring to use 10 HARQ processes in the same message. In fact, use of 10 HARQ processes can even be implicitly enabled/disabled depending on the value of rmax, resulting in no additional RRC (re)configuration overhead.

The second key question to answer is whether there is any use case for configuring 10-HARQ-process in bad radio conditions.
10-HARQ-process was agreed to be supported for both FD-FDD and HD-FDD. In the case of FD-FDD, 10-HARQ-process was mainly motivated by the fact that due to cross-subframe scheduling and the assumption of 4-ms eNB processing time, 2 out of 10 contiguous subframes cannot be scheduled as PDSCH, resulting in degradation of peak data rate. However, this is only true in the non-repetition scenario. With just 2 repetitions the “pipe” can be fully filled with less than 8 HARQ processes, so no added benefit is seen in increasing the number of HARQ processes.

In the case of HD-FDD, 10-HARQ-process is beneficial mainly when being jointly used with HARQ-ACK bundling. Since it was already agreed that HARQ-ACK bundling is only used in the non-repetition case, it is obvious that 10-HARQ-process will only be used also in the non-repetition case, and this is only possible when the configured rmax is very small.
It is thus proposed to agree Alt 2 for HARQ process number indication for supporting 10-HARQ-process in order to avoid unnecessary increase of DCI overhead. 

Proposal 2: The 10-HARQ-process sub-feature is only configured when MPDCCH repetition number (i.e. rmax) does not exceed 4, in which case the HARQ process number is indicated jointly by the 3-bit “HARQ process number” DCI field and the unused state (i.e. “r4”) in the “subframe repetition number” DCI field.
2.4 HARQ-ACK bundling

In RAN1#87, “If repetition is used for M-PDCCH or PDSCH, HARQ-ACK bundling is not used” was agreed. As analyzed in our companion contribution [5], the fields of PDSCH repetition number and DCI repetition number will not be used in case of no repetition. As a result, the bits of these fields can be re-purposed for supporting HARQ-ACK bundling, and there is no extra DCI overhead.
Proposal 3: At least fields related to repetition case can be re-purposed for supporting HARQ-ACK bundling.

2.5 Multi-cast support

For SC-MTCH transmission, same larger TBS and larger channel bandwidth defined as that for unicast PDSCH. Moreover, the SC-MTCH can also be transmitted in both CEMode A and CEMode B as unicast PDSCH. Therefore, to minimize the specification impact, we prefer the same DCI format for SC-MTCH and unicast PDSCH [6]. 
Proposal 4: Use the same DCI format for SC-MTCH and unicast PDSCH.
However, it was agreed in RAN2 #96 meeting [7], 2 bits in DCI can be used to the configuration change of the SC-MTCH and the indication of new service. Therefore, the DCI for scheduling SC-MTCH should also include these two bits. 
· For eNB-IoT and feMTC: Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP.
· For eNB-IoT and feMTC: Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts.
Proposal 5: The DCI for scheduling SC-MTCH should include 2 bits indicating configuration change of the SC-MTCH and new service. 
2.6 VoLTE enhancement

In RAN1 #87 meeting, it was agreed to “Introduce a dynamic timing relationship between PDSCH and HARQ-ACK controlled by the DCI”. In our view, two bits may be suitable to indicate timing relationship between PDSCH and HARQ-ACK. The HARQ-ACK offset can be jointly indicated with the indication of HARQ-bundling.
To reduce the switching frequency for HD-FDD UEs, introducing a dynamic timing relationship between UL grant and PUSCH can be considered.

Dynamic timing relationship between DL assignment and PDSCH may not be needed in view of there is no need of guard subframe between MPDCCH and PDSCH.
In our companion contribution, full details are provided [7].
2.7 PUSCH precoding for non-BL UEs

A non-BL UE may have multiple antennas in uplink. As a result, for PUSCH transmission, the non-BL UE can use uplink precoding to improve PUSCH performance as normal PUSCH transmission scheduled by DCI format 4. In existing DCI formats, three bits are used for two antenna ports. To utilize uplink precoding gain and reduce the repetition number of PUSCH transmission for non-BL UEs, we propose to support the PMI indication (two antenna ports) for non-BL FeMTC UEs.

Proposal 6: For Rel-14 non-BL UEs in coverage enhancement, 3 bits in the DCI can be used to indicate precoding information and number of layers. 
3 DCI format
The DCI formats for Rel-14 FeMTC UEs could be based on the DCI formats for Rel-13 eMTC UEs. In the following tables, the modified or newly added fields for Rel-14 FeMTC UEs are given. For other un-mentioned fields, the same fields and field size in Rel-13 eMTC DCI formats are applied. For PUSCH transmission in CEMode B, since only 1.4MHz bandwidth is supported, there is no change on the DCI format 6-0B.

Table 2: DCI for PUSCH scheduling in CEMode A
	Field
	Payload
	Description

	MCS
	4 bits
	Re-purpose MCS field in DCI format 6-0A

	Resource allocation
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	Re-purpose resource block assignment in DCI format 6-0A

	PUSCH scheduling delay
	2 bits
	New bits

	Precoding information and number of layers
	3 bits
	New bits (only applied to non-BL UE)


Table 3: DCI for PDSCH scheduling in CEMode A
	Field
	Payload
	Description

	MCS
	4 bits
	Re-purpose MCS field in DCI format 6-1A

	Resource allocation
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	Re-purpose resource block assignment in DCI format 6-1A

	10 HARQ processes
	3bits
	Re-purpose HARQ process number in DCI format 6-1A

	HARQ bundling
	5 bits
	Re-purpose PDSCH repetition number and DCI repetition number in DCI format 6-1A

	HARQ bundling activation/deactivation
	1 bit
	New bit

	HARQ timing offset
	2 bits
	New bits

	Configuration change of the SC-MTCH
	1 bit
	Re-purpose or new bit

	New service indication
	1 bit
	Re-purpose or new bit


Table 4: DCI for PDSCH scheduling in CEMode B
	Field
	Payload
	Description

	Resource allocation
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	Re-purpose resource block assignment in DCI format 6-1B

	Configuration change of the SC-MTCH
	1 bit
	Re-purpose or new bit

	New service indication
	1 bit
	Re-purpose or new bit


4 Search space design
For the SS for SC-PTM, it was agreed that high layer configures {narrowband, Rmax, G} and UE monitoring of MPDCCH SS scheduling SC-MCCH and SC-MTCH is reused from Type1-CSS and Type2-CSS, respectively.
The Rel-14 FeMTC other features may have some impact on the DCI payload, but no impact on control channel transmission mechanism. Therefore, the design of MPDCCH USS and CSS of Rel-14 FeMTC UE can be the same as that specified for Rel-13 eMTC UEs. Likewise, the scrambling and frequency hopping can also be retained from Rel-13.
Proposal 7: MPDCCH search spaces for a UE supporting Rel-14 FeMTC feature(s) are the same as for Rel-13 MPDCCH.
5 Conclusion
In this contribution, we give our views on the whole design of DCI and search space for FeMTC UEs, and the following proposals are given:

Proposal 1: For Rel-14 resource allocation, the same payload size as resource allocation of Rel-13 DCI formats in CEmode A and CEmode B for the corresponding system bandwidth is used.
Proposal 2: The 10-HARQ-process sub-feature is only configured when MPDCCH repetition number (i.e. rmax) does not exceed 4, in which case the HARQ process number is indicated jointly by the 3-bit “HARQ process number” DCI field and the unused state (i.e. “r4”) in the “subframe repetition number” DCI field.
Proposal 3: At least fields related to repetition case can be re-purposed for supporting HARQ-ACK bundling.

Proposal 4: Use the same DCI format for SC-MTCH and unicast PDSCH.
Proposal 5: The DCI for scheduling SC-MTCH should include 2 bits indicating configuration change of the SC-MTCH and new service.

Proposal 6: For Rel-14 non-BL UEs in coverage enhancement, 3 bits in the DCI can be used to indicate precoding information and number of layers.

Proposal 7: MPDCCH search spaces for a UE supporting Rel-14 FeMTC feature(s) are the same as for Rel-13 MPDCCH.
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