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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]

2. Previous work 
There has already been a fair bit of work, discussion, and evaluation of this feature when it was proposed as a Rel16 TEI as outlined in [2] R1-1912694.  In summary, the 14 HARQ feature improves SF utilization from 10/17 58% to 12/17 70.5% so that the data speed goes from 588kbps to 705kbps (assume max TBS=1000) as per the HARQ timing diagram from [2] shown below:
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Figure 1: Proposed new peak throughput for HD-FDD
Although [2] includes two options, the discussion on the floor during RAN1 #99 indicated that most companies preferred option 2 which can be summarized as:

· Option 2 - When 14 HARQ processes are configured, there is an additional bit in DCI that indicates a PDSCH scheduling delay of 2 (legacy) or 7 (new).

In RAN1 #99, the following “Proposed Working assumption” was captured in the chairman notes:

Proposed Working assumption:

Endorse in principle the TP with Option 2 in R1-1912694. Working assumption to be automatically confirmed if RAN2 does not express concerns on this TEI.

The TP with Option 2 in R1-1912694 is technically endorsed from a RAN1 perspective.

· This is applicable only if RAN2 does not express concerns on the TEI proposed in R1-1912694.

There were no technical issues raised WRT option #2. The only issues raised were whether this CR meet all the criterial required of a TEI but given this is now agreed as an objective within a WI, these issues are no longer relevant. For at least the single-TB grant (STBG) case, option 2 should be agreeable so the following proposals are made:
Proposal 1:   The 14 HARQ process feature is enabled by RRC

Proposal 2:   When the 14 HARQ process feature is enabled and the DL grant schedules 1 TB, there is an additional bit in DL grant that indicates a PDSCH scheduling delay of 2 or 7.
· FSS: support for DL multi-TB Grant case
3. Support with Multi-TB Grant (MTBG)
When MTBG is used with Ack bundling, the figure below shows the Rel 16 MTBG HARQ cycle timing:

[image: image2.emf]1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3

Subframe# 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

mPDCCH

MTBG 1-8

MTBG 9-16

PDSCH

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16

S S S S

PUCCH

A1-3 A4-6 A7-8

A9-
11A12
-14A15
-16

DL MTBG on MPDCCH DL Data on PDSCH ACK on PUCCH Switch SF


This results in a SF utilization of 8/17 or 47%  which is much worse than the single TB case with the 14 HARQ process feature of 70.5%. As such, the resulting data rate of the MTBG is only 470kbp which is much slower than the 702kbps which is possible with STBG with 14 HARQ 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 feature is 705kbps. 

Similar changes can be done to the MTBG DCI to support the 14 HARQ feature which are proposed in option 2 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 is set, it can indicate the second set of HARQ ID, and that the PDSCH and ACK delay is different from legacy.  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 705kbp which the same as the STBG with new the 14 HARQ feature.

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

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

Proposal 3:   The 14 HARQ processes feature is supported when the multi-TB grant feature is enabled.
4. Conclusions
Proposal 4:   The 14 HARQ process feature is enabled by RRC
Proposal 5:   When the 14 HARQ process feature is enabled and the DL grant schedules 1 TB, there is an additional bit in DL grant that indicates a PDSCH scheduling delay of 2 or 7.
· FSS: support for DL multi-TB Grant case
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 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 feature and provide the same speed as the single-TB grant case of 705kbps.

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