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1. Introduction
This tdoc discusses the design considerations to support the following objective from the Rel 17 NB-IOT/LTE-M work item [1]:

· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]
The following agreements have been made to date:

Agreement 

Introduce a new RRC configuration parameter to enable 14 HARQ processes. 

Agreement

For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE DL subframes and 7 [FFS subframes type(s)] is supported at least in the PUCCH non-repetition case:

· FFS details of signaling.

· FFS other delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.

· FFS if the 14 HARQ processes feature is supported in PUCCH repetition case.

Working Assumption

Introduce a new optional UE capability to support 14 HARQ processes

2. Support Repetition 

There is an FFS whether the 14 HARQ Processes feature should support PUCCH repeat or PDSCH/PUSCH repeats. 
· FFS if the 14 HARQ processes feature is supported in PUCCH repetition case.   
Discussion:

In Rel 14, the HARQ ACK bundling feature was designed to NOT be supported when repeats were scheduled. When repeats are used, the SNR will be low, and thus the resulting data rate will be low. Given the main purpose for 14 HARQ process is to increase speed, support with repeats does not seem like it would add much, so the following proposal is made:

Proposal 1:   The 14 HARQ processes feature is NOT supported when the HARQ ACK bundling is not supported. 

3. Type of Subframe for the PDSCH Scheduling Delay

There is an FFS on whether the delay should include non-BL/CE SF or not:

For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE DL subframes and 7 [FFS subframes type(s)] is supported at least in the PUCCH non-repetition case:

· FFS other delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.

For HARQ-ACK bundling in Rel 14 the following agreement was made:
When bundling and/or dynamic ACK timing is configured by RRC, the HD-FDD DL Grant contains the DCI field “HARQ-ACK Delay” which indicates the BL/CE subframes of delay between end of PDSCH and start of ACK/NACK. 
                    –       3 bits with two ranges configured by a new RRC parameter

•        Range 1 {4-11} SF

•        Range 2 {4,5,7,9,11,13,15,17} SF

Where the HARQ-ACK delay is in units of BL/CE Subframes (i.e. non-BL/C subframes are not included). This is to allow for support for invalid SFs. A similar approach should be used for the PDSCH scheduling delay. 

Proposal 2:   For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE subframes and 7 BL/CE  subframes is supported
· FFS how to indicate PDSCH scheduling delay to UE
4. Support with Multi-TB Grant (MTBG)
Multi-TB Grant (MTBG) has many advantages over single-TB grant including:

· Lower signalling overhead

· HARQ-ACK Bundling supported with repeats

· Higher speeds when PDSCH repeats are used

· Supports interleaving to improve time diversity
However, the speed of MTBG when no repeats are scheduled will be slower than STBG with the 14 Process Feature. When MTBG is used with HARQ-Ack bundling, the figure below shows the HARQ cycle timing:
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This results in a SF utilization of 8/17 or 47%, which is worse than the single TB case with the 14 HARQ process feature with a SF utilization of 70.5%. As such, the resulting data rate of the MTBG is only 470kbps which is much slower than the 702kbps possible with STBG and the 14 HARQ Processes feature.

Observation 1: The DL speed of Rel 16 Multi-TB grant case is only 470kbps where Rel 17 single TB grant case with 14 HARQ Processes feature is 705kbps. 

If the 14 HARQ Process feature is supported with MTBG, the data rate of MTBG can be greatly improved. This would require similar specification changes which are proposed for the STBG case.  For example, the Multi-TB HARQ processes group which is used with TDD to support 16 HARQS can be reused for the HD-FDD case to support the 14 HARQ feature. When this field = 1, it can indicate the second set of HARQ ID, and that the PDSCH scheduling delay is 7 vs 2 BL/CE SFs – that’s IT!  The following is an example of what the HARQ cycle would look like:
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The above timing change results in SF utilization of 12/17 70.5% which provides a data rate of 705kbps which the same as the STBG with new the 14 HARQ Processes feature.

Observation 2: With a similar protocol change to single-TB grant case, the Multi-TB grant case can also support the 14 HARQ Processes feature and provides the same speed as the single-TB grant case of 705kbps.

Given the advantages of using MTBG and ease at which it can supported more HARQ processes, it is proposed:

Proposal 3:   The 14 HARQ processes feature can be enabled when the multi-TB grant feature is enabled.
5. Conclusions
Proposal 4:   The 14 HARQ processes feature is NOT supported when the HARQ ACK bundling is not supported. 

Proposal 5:   For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE subframes and 7 BL/CE  subframes is supported
· FFS how to indicate PDSCH scheduling delay to UE

Observation 3: The DL speed of Rel 16 Multi-TB grant case is only 470kbps where Rel 17 single TB grant case with 14 HARQ Processes feature is 705kbps. 

Observation 4: With a similar protocol change to single-TB grant case, the Multi-TB grant case can also support the 14 HARQ Processes feature and provides the same speed as the single-TB grant case of 705kbps.

Proposal 6:   The 14 HARQ processes feature can be enabled when the multi-TB grant feature is enabled.
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