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Discussion and Decision
1 Introduction

In RAN1#87, the following agreements were made –

· The PDSCH allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrowbands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth
· 24 PRBs is the maximum number of PRBs that can be allocated
· The PDSCH allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrowbands defined in LTE Release 13 for UEs configured with 20 MHz max PDSCH channel bandwidth
· 96 PRBs is the maximum number of PRBs that can be allocated
· 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
· At least in non-repetition case, the maximum number of HARQ-ACK bundles before switching to UL is 3.
· FFS whether repetition case is supported

· The maximum number of PDSCH TBs in all bundles before switching to UL is 10.

· The switch time between DL and UL is FFS between:
· Indicated in the DCI
· Implicitly based on the specification

Furthermore, in RAN1#87 the following working assumption was made –

· When the 10 HARQ process feature is enabled by RRC,
· The HARQ Process Number field in the DCI is increased to 4 bits.
In this contribution, we consider the remaining details of DCI design.

2 DCI
In Rel-14, new enhancements are being introduced which will require changes to the DCI formats. Based on RAN1 agreements so far, Table 1 lists the enhancements and their expected impact to the DCI formats. In all cases considered here, these enhancements are enabled via RRC configuration. Therefore, the DCI changes would be contingent on the RRC configuration. However, to prevent fragmentation and having to support many DCI sizes, the overall DCI design can consider several enhancements simultaneously (e.g. UEs that support larger maximum channel bandwidth also support 10 DL HARQ processes). Note that DCI formats for SC-PTM are discussed separately in [1].
Table 1. Summary of DCI changes for FeMTC.
	Enhancement
	Impact
	DCI

	Larger maximum channel bandwidth
	New resource allocation scheme
	6-0A, 6-1A, 6-1B

	HARQ-ACK bundling
	Bundling and ACK/NACK information
	6-1A

	10 DL HARQ processes
	Increase number of HARQ processes to 10
	6-1A

	Dynamic timing relationship between PDSCH and HARQ-ACK
	Timing relationship indication
	6-1A


Resource Allocation
Detail discussion of the proposed resource allocation scheme for UEs that are configured with larger PDSCH/PUSCH channel bandwidth is provided in [3]. The proposals can be summarized as follows –

· PDSCH

· For UEs configured with 5 MHz maximum PDSCH channel bandwidth, resource allocation is given by starting narrowband + a bitmap of RBG allocation.
· For UEs configured with 20 MHz maximum PDSCH channel bandwidth, resource allocation is given by a bitmap of RBG allocation.

· RBG size can depend on maximum configured PDSCH bandwidth, system bandwidth, and CE Mode.
· PUSCH

· For UEs configured with 5 MHz maximum PUSCH channel bandwidth, resource allocation is given by starting PRB + length of contiguously allocated PRBs.
It is expected that the RBG size will be fixed in the specification rather than configurable. In addition, for system bandwidth less than 10 MHz, it would not be necessary to configure UE with 20 MHz maximum PDSCH channel bandwidth. Also, it is obvious that there is no need to configure UE with larger PDSCH/PUSCH channel bandwidth in 1.4 MHz system bandwidth.

Table 2 provides the size of the resource allocation field for various system bandwidth based on the recommended RBG values from [3] for the PDSCH. For the PUSCH, the proposal is to reuse RAT0 PUSCH allocation which will allow frequency resource on a PRB basis. However, RAT0 PUSCH allocation can also be extended to the RBG basis if overhead reduction is desired.
Table 2. Examples of resource allocation field size for various system bandwidth.
	Resource allocation
	System Bandwidth (MHz)

	
	3
	5
	10
	15
	20

	PDSCH
	CE Mode A
	Rel-13 
	6
	7
	8
	9
	9

	
	
	UE configured with 5 MHz
	7
	8
	9
	10
	10

	
	
	UE configured with 20 MHz
	-
	-
	6
	9
	12

	
	CE Mode B
	Rel-13 
	2
	3
	4
	5
	5

	
	
	UE configured with 5 MHz
	4
	5
	6
	7
	7

	
	
	UE configured with 20 MHz
	-
	-
	4
	6
	8

	PUSCH
	CE Mode A
	Rel-13
	6
	7
	8
	9
	9

	
	
	UE configured with 5 MHz - starting PRB + length
	7
	9
	10
	11
	12


Results from Table 2 show that it would require 1-3 more bits in the resource allocation field to address larger PDSCH/PUSCH channel bandwidth. Further size reduction is, of course, possible based on the trade-off between frequency domain granularity (i.e. RBG size) and overhead.
Observation 1: Additional 1-3 bits are required for resource allocation to support UEs that are configured with larger PDSCH/PUSCH channel bandwidth.
Supporting 10 HARQ Processes
In RAN1#87, it was agreed as a working assumption that when the 10 HARQ process feature is enabled by RRC, the HARQ process number field in the DCI is increased to 4 bits. Alternately, the size of the field can be kept to 3 bits and the last two HARQ process numbers can be indicated using another field (e.g. by limiting the maximum number of repetitions to 4 to provide 1 spare bit). This could allow the DCI size to remain the same as in Rel-13 when only this feature is enabled. However, this reduces the eNB flexibility and therefore is not preferred. Therefore, it is proposed to confirm the working assumption from RAN1#87.
Proposal 1: Confirm the working assumption from RAN1#87 that when the 10 HARQ process feature is enabled by RRC, the HARQ process number field in the DCI is increased to 4 bits.
ACK/NACK Bundling
Detail discussion on ACK/NACK bundling operation is provided in [4]. With respect to changes in the DCI, it is proposed in [4] that –
· A single MPDCCH is used to schedule all PDSCH transport blocks in a bundle.
· The size of each bundle is indicated using 2 bits in the DCI.
· The HARQ-ACK delay for the bundle is indicated using 3 bits in the DCI.
· A single bit in the DCI indicates whether the associated PDSCH transmission is bundled or non-bundled.
· The DCI bits for indication of DCI subframe repetition number and the associated PDSCH repetition number with no bundling are used to indicate information related to bundling operation and/or HARQ-ACK timing when bundling is enabled in the DCI.
Observation 2: When ACK/NACK bundling is enabled, additional 4-6 bits are required to indicate bundling related information.
Dynamic Timing Adjustment

Detail discussion on dynamic timing adjustment between PDSCH and HARQ-ACK transmission is provided in [4]. The idea is to dynamically adjust the timing between PDSCH and ACK/NACK to allow transmission of a scheduling grant in between. Although this technique is not limited to VoLTE, the idea is to allow for efficient packing of eVoLTE transmissions within the allowed delay budget. With respect to the DCI, the analysis from [5] shows that 4 values would be sufficient to cover most cases. Therefore, it is proposed that a 2-bit field is introduced in the DCI for this purpose. In[5], the recommended values are {4, 7, 8, 13}.
Observation 3: When dynamic timing adjustment is enabled, a 2-bit field in DCI is used to dynamically adjust the timing between PDSCH and HARQ-ACK.
In summary, the following fields are present in Rel-14 DCI formats –

DCI Format 6-0A

· Flag for 6-0A/6-1A differentiation – 1bit

· Frequency hopping flag – 1 bit

· Resource block assignment – 
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bits (see Table 2 and [3])
· MCS – 4 bits

· Repetition number – 2 bits

· HARQ process number – 3 bits

· NDI – 1 bit

· RV – 2 bits

· TPC command – 2 bits

· UL index – 2 bits

· DAI – 2 bits if present
· CSI request – 1 bit

· SRS request – 1 bit
· DCI subframe repetition number – 2 bits

DCI Format 6-1A

· Flag for 6-0A/6-1A differentiation – 1bit

· Frequency hopping flag – 1 bit

· Resource block assignment – TBD bits (see Table 2 and [3])
· MCS – 4 bits

· Repetition number – 2 bits, can be reused when ACK/NACK bundling is configured
· HARQ process number – 3 (FDD) or 4 (TDD) bits, or 4 bits for FDD when 10 HARQ processes are configured
· NDI – 1 bit

· RV – 2 bits

· TPC command – 2 bits

· DAI 

· Bundling information (bundle size, HARQ-ACK delay, and bundling indication) – 4-6 bits when ACK/NACK bundling is configured
· Antenna port(s) and scrambling identity

· SRS request – 1 bit

· TPMI

· PMI – 1 bit
· HARQ-ACK resource offset – 2 bits

· DCI subframe repetition number – 2 bits 
· Timing adjustment – 2 bits when dynamic timing adjustment is configured
DCI Format 6-1B

· Flag for format 6-0B/format 6-1B differentiation – 1 bit
· Resource block assignment – TBD bits (see Table 2 and [3])
· MCS – 4 bits

· Repetition number – 3 bits

· HARQ process number – 1 bit

· NDI – 1 bit

· HARQ-ACK resource offset – 2 bits
· DCI subframe repetition number – 2 bits

3 Conclusions

In this contribution, we consider the remaining DCI issues and make the following observations and proposal –

Observation 1: Additional 1-3 bits are required for resource allocation to support UEs that are configured with larger PDSCH/PUSCH channel bandwidth.

Observation 2: When ACK/NACK bundling is enabled, additional 4-6 bits are required to indicate bundling related information.
Observation 3: When dynamic timing adjustment is enabled, a 2-bit field in DCI is used to dynamically adjust the timing between PDSCH and HARQ-ACK.
Proposal 1: Confirm the working assumption from RAN1#87 that when the 10 HARQ process feature is enabled by RRC, the HARQ process number field in the DCI is increased to 4 bits.
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