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Discussion and Decision
1 Introduction

In RAN1#86bis, the following agreements were made –

· FeMTC UEs use Rel-13 DCI formats for MPDCCH Type-0/1/2 CSS transmissions.

· The following FeMTC features:

1. HARQ-ACK bundling

2. Larger maximum TBS for 1.4MHz operation

3. Larger maximum TBS for 5MHz operation

4. Support of larger bandwidth

5. 10 HARQ processes for downlink

· are enabled as follows:

· The UE reports capability to support a given feature

· FFS: The eNB enables the larger bandwidth and larger TBS by RRC reconfiguration

· The eNB enables the other features by RRC reconfiguration

· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.

· Rel-14 capability signaling is introduced to differentiate non-BL UEs with respect to maximum UE channel BW support in CE.

· Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B.

· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth.

· Strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case.

· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.

· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.

· For the 5-MHz BL UE,

· The maximum reception bandwidth is 25 PRBs.

· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.

· The maximum transmission bandwidth is 25 PRBs.

· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.

In this contribution, we discuss DCI design for Rel-14 UE.

2 DCI Design
In RAN#86bis, it was agreed that RRC signalling will be used for HARQ-ACK bundling and 10 HARQ processes. However, it remains FFS whether to enable the larger bandwidth and larger TBS by RRC reconfiguration. If the DCI design can be modified such that the DCI size remains the same as in Rel-13, then implicit signaling can be used to indicate Rel-14 versus Rel-13 scheduling grant. However, it has been agreed that RAN#86bis Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B. As there is no spare bits or field in Rel-13 DCI, implicit signalling will have to be through methods other than re-interpreting DCI content. This could be e.g. via different scrambling sequence. However, this introduces potential errors and unnecessary complication. Therefore, it is proposed to define new DCI formats support for Rel-14 FeMTC UE supporting 5 MHz or 20 MHz maximum PDSCH/PUSCH channel bandwidth – 6-3A for PUSCH in CE Mode A, 6-4A for PDSCH in CE Mode A, and 6-4B for PDSCH in CE Mode B. Note that the same DCI can be used to schedule either 5 MHz BL or 20 MHz non-BL UE. This will reduce the need to introduce different DCI formats for the two new UEs in Rel-14. Also, like in past design, DCI formats 6-3A and 6-4A should have the same size.
Proposal 1: Define new DCI formats to support Rel-14 5 MHz BL and 20 MHz non-BL UEs –

· 6-3A: PUSCH scheduling for CE Mode A
· 6-4A: PDSCH scheduling for CE Mode A
· 6-4B: PDSCH scheduling for CE Mode B
DCI formats 6-3A and 6-4A have the same size.
For these new DCI formats, the goal is to reuse as much from Rel-13 DCI formats as possible. Therefore 6-3A can be based on 6-0A while 6-4A/B can be based on 6-1A/B. Most fields remain the same except for resource allocation. For larger PDSCH/PUSCH channel bandwidth, the following resource allocation schemes may be considered –
1. Rel-8 resource allocation scheme. To reduce the number of bits and provide common scheme for PDSCH and PUSCH, continuous resource allocation can be used. For PDSCH, resource allocation type 2 can be used, while for PUSCH, resource allocation type 0 can be used. The number of bits required for resource allocation will increase slightly compared to Rel-13 eMTC method. For 5 MHz, the increase is 1 bit, while for 20 MHz, the increase is 4 bits. This translates to 0.2-0.4 dB performance degradation on the MPDCCH for CE Mode A. However, note that MPDCCH performance typically have some margin built due to large step sizes for numbers of repetitions (e.g. 16, 32). Therefore, MPDCCH performance requirement may still be achieved without increasing the number of repetitions. An advantage of this scheme is that PRBs outside of narrowband definition can also be allocated.
2. Allocation in multiple of NBs using a bitmap. Here, a bitmap of available NBs can be constructed and UE can be assigned specific NBs using the bitmap. Both localized and distributed allocation can be supported. Furthermore, the size of the resource allocation field can be kept the same as Rel-13. However, PRBs can be assigned only in multiple of 6 PRBs which may increase overhead unnecessarily. 
3. Wideband and allocation within wideband. This is similar to Rel-13, except instead of a NB, a wideband is defined. For instance, each wideband can be 6 NBs (i.e. corresponding to system bandwidth of 5 MHz). Then UE is allocated first a wideband, then resource allocation within the NB of a wideband. This allows the size of the resource allocation field to be kept the same as Rel-13. However, for PUSCH, allocation can be made only in multiple of 6 PRBs to maintain continuous property. In addition, resource can be heavily fragmented when less than 6 PRBs are allocated within a NB for PDSCH.
Considering the above methods, it is proposed to reuse Rel-8 contiguous resource allocation schemes for the new DCI formats. This provides a simple way to have a common resource allocation scheme for both 5 MHz and 20 MHz UEs, and also to allow all PRBs within the system bandwidth to be used. This requires additional bits but the performance impact is small in CE Mode A.
Proposal 2: Resource allocation is based on Rel-8 contiguous resource allocation schemes – RAT2 for PDSCH and RAT0 for PUSCH.

When ACK/NACK bundling is configured, it is proposed to include the following information – 1 bit to indicate the bundle number, 3 bits to indicate the size of the bundle and the transmission number within the bundle. Note that it may be possible to repurposing DCI bits that are redundant with HARQ-ACK bundling to indicate bundling information.. Further discussion on these fields can be found in [2]. Similar to how the DAI field is currently defined, a note can be added that this field is only present when ACK/NACK bundling is configured. 
Proposal 3: When ACK/NACK bundling is configured, the following bundling information is provided – bundle number, size of the bundle and the transmission number within the bundle. 

Currently, up to 8 HARQ processes are supported in the PDSCH, requiring 3 bits. Supporting up to 10 HARQ processes has been agreed, and this will be configured via RRC signaling. When 10 HARQ processes is configured, the size of the HARQ process ID field in the DCI is 4 bits.

Proposal 4: When 10 HARQ processes is configured, the size of the HARQ process ID field in the DCI is 4 bits. 

To summarize, the following fields are proposed by the new DCI –
DCI Format 6-3A

· Flag for 6-3A/6-4A differentiation – 1bit

· Frequency hopping flag – 1 bit

· Resource block assignment – 
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· 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
· CSI request – 1bit

· DCI subframe repetition number – 2 bits

DCI Format 6-4A

· Flag for 6-3A/6-4A differentiation – 1bit

· Frequency hopping flag – 1 bit

· Resource block assignment – 
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· MCS – 4 bits

· Repetition number – 2 bits

· HARQ process number – 3 or 4 bits

· NDI – 1 bit

· RV – 2 bits

· TPC command – 2 bits

· DAI 
· Bundling information (bundle number, size of the bundle and the transmission number within the bundle) – 3 bits (if ACK/NACK bundling is configured)

· Antenna port(s) and scrambling identity

· SRS request – 1 bit

· TPMI

· PMI

· HARQ-ACK resource offset – 2 bits

· DCI subframe repetition number – 2 bits

DCI Format 6-4B

· Resource block assignment – 
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· MCS – 4 bits

· Repetition number – 3 bits

· HARQ process number – 1 bit
· NDI – 1 bit

· DCI subframe repetition number – 2 bits

3 Conclusions

In this contribution, we consider DCI design and make the following proposals –

Proposal 1: Define new DCI formats to support Rel-14 5 MHz BL and 20 MHz non-BL UEs –

· 6-3A: PUSCH scheduling for CE Mode A
· 6-4A: PDSCH scheduling for CE Mode A
· 6-4B: PDSCH scheduling for CE Mode B
DCI formats 6-3A and 6-4A have the same size.

Proposal 2: Resource allocation is based on Rel-8 contiguous resource allocation schemes – RAT2 for PDSCH and RAT0 for PUSCH.

Proposal 3: When ACK/NACK bundling is configured, the following bundling information is provided – bundle number, size of the bundle and the transmission number within the bundle. 

Proposal 4: When 10 HARQ processes is configured, the size of the HARQ process ID field in the DCI is 4 bits. 
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