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1 Background
Since the introduction of Cat-M1 in Release 13, there has been a continued evolution to increase the downlink peak data rate of BL UEs, especially for the widely deployed HD-FDD UEs, while keeping the UE complexity low (maximum TBS of 1000 bits). Current Cat-M1 peak data rate in HD-FDD is achieved by a combination of usage of 10 HARQ processes and HARQ-ACK bundling as shown in Figure 1:


Figure 1 Peak throughput for HD-FDD
Assuming a TBS of 1000 bits is transmitted in each of the PDSCH, the peak data rate achieved by this scheduling is . In this contribution, we propose to increase the peak data rate to  (20% increase) by allowing data scheduling in subframes 0 and 1, and without increasing the UE complexity or introducing big changes to the specification. In Figure 2 we show a high level depiction of how to achieve this data rate increase – mainly by allowing an MPDCCH in subframes 10-11 schedule PDSCH in subframes 17-18. In order to do this, the following mechanisms are proposed to be introduced:
· Increased number of HARQ processes.
· PDSCH scheduling delay
· New values for HARQ-ACK delay


Figure 2 Proposed new peak throughput for HD-FDD

In the remaining of this contribution, we present the detailed explanation of the method and the specification impact

2 Increased peak data rate
In Figure 3 we show a complete iteration of the timeline with the proposal. We make the following observations regarding features needed to enable increased peak data rate:
· The MPDCCH in subframes 10-11 needs to schedule the PDSCH in subframes 17-18. Due to this, we need to introduce a “PDSCH scheduling delay” with a value of 7.
· In subframes 17-18, the eNB cannot re-schedule HARQ processes 10-11, since it hasn’t received yet the HARQ-ACK corresponding to the PDSCH in subframes 17-18. Due to this, we need to increase the number of HARQ processes to 14. Note that this does not require an increase on the DCI size, since the 10 HARQ processes feature already introduces a 4 bit HARQ ID field.
· The maximum bundle size for HARQ-ACK is still 4, (12 TBS multiplexed in 3 PUCCH).
· The PDSCH in subframe 0 needs to provide HARQ-ACK in subframe 13, so a new value of HARQ-ACK delay = 13 has to be added.


Figure 3 Diagram of timeline example with 14 HARQ processes
Implementation option 1: No additional bits in DCI
In order to minimize the necessary changes to enable the above features, we propose the following:
· For HARQ processes 0-9, the operation is exactly the same as legacy, i.e., when the DCI indicates a HARQ process ID smaller than 10, no change to scheduling delay or HARQ-ACK delay is made.
· When the DCI indicates a HARQ process with an ID greater than or equal to 10, the HARQ ID field and HARQ-ACK delay indicate the PDSCH scheduling delay. We exploit the fact that the HARQ-ID field in DCI can indicate 16 HARQ IDs but we only need to use 14 of them to achieve peak data rate as  per the proposal above.
· HARQ processes 10-13 have reduced flexibility in terms of HARQ-ACK delay (6 possibilities for HARQ-ACK delay instead of 8). For the cases where retransmissions may be needed for the new HARQ ID, we allow a fallback to legacy default scheduling (N+2) and can still use 6 different scheduling delays.

In Table 1 we show a possible implementation of these methods. The UE, in summary, performs the following operations:
 If HARQ_ID < 10
		Follow legacy procedures to determine HARQ_ID, HARQ-ACK delay. PDSCH delay = 2
Else
		Obtain HARQ_ID and PDSCH delay from ‘HARQ-ACK delay’ field in DCI as per Table 1.
		Obtain HARQ-ACK delay from ‘HARQ-ID’ field in DCI as per Table 2.
	

	'HARQ-ACK delay' field in DCI
	Used HARQ ID
	Scheduling delay for PDSCH

	000
	10
	2

	001
	10
	7

	010
	11
	2

	011
	11
	7

	100
	12
	2

	101
	12
	7

	110
	13
	2

	111
	13
	7


Table 1 Reinterpretation of HARQ-ACK delay field in DCI
	'HARQ-ID’ field in DCI
	HARQ-ACK delay

	10
	4

	11
	5

	12
	7

	13
	9

	14
	11

	15
	13


Table 2 Reinterpretation of HARQ-ID field in DCI

With these values, a timeline like the one in Figure 4 can be constructed, achieving the desired peak data rate. Note that HARQ processes 0-9 cannot be scheduled with a PDSCH scheduling delay, but HARQ processes 12-13 are scheduled with a delay of 7 (e.g. PDSCH in subframe 0 would be scheduled by MPDCCH in subframe -7).


Figure 4 Example of timeline with proposed scheme. 

Implementation option 2: One additional bit in DCI
With this second option, the changes are simpler with the additional cost of 1 extra bit in DCI:
- 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).
- The set of HARQ-ACK delays is modified when 14 HARQ processes are used as per following table
	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range1' and ce-pdsch-fourteenProcesses’ is not set
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range2' or ’ce-HARQ-AckBundling’ is set and ce-pdsch-fourteenProcesses’ is not set
	HARQ-ACK delay value when ce-pdsch-fourteenProcesses’ is set

	000
	4
	4
	4

	001
	5
	5
	5

	010
	7
	6
	6

	011
	9
	7
	7

	100
	11
	8
	9

	101
	13
	9
	11

	110
	15
	10
	13

	111
	17
	11
	15



Both Option 1 and Option 2 imply supporting 14 HARQ processes and support of scheduling delay of 7.
Proposal 1: Introduce support of higher peak data rate for Cat-M1 UEs in HD-FDD by means of the following:
· Support of 14 HARQ processes
· Support of additional scheduling delay of 7 for PDSCH 
· TPs to be agreed during RAN1#98b, taking as baseline Option 2 attached to this contribution.

Note that these changes do not require an increase of the soft buffer size (we keep the same one as Cat-M1).
With respect to the impact to other working groups, the only impact would be to RAN2: introduce new UE capability and configuration.
Proposal 2: Introduce two new RRC parameters for supporting 14 HARQ processes with higher peak data rate:
· UE capability ce-pdsch-fourteenProcesses
· RRC configuration ce-pdsch-fourteenProcesses

3 Analysis of RAN2 impact
In [1], it is argued that:
Besides the impacts to RAN1 spec, the HARQ RTT timer in RAN2 also needs to be discussed and updated accordingly, as the scheduling timing and the HARQ-ARQ delay is different from currently supported if 14 HARQ processes are introduced. It is unlikely therefore that this proposal meets the rules of TEI. The modification to the current spec will increase the workload of the specification and will influence the implementation of the eNB.
From the definition in TS 36.321, the HARQ RTT timer is defined as follows:
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL assignment for HARQ retransmission is expected by the MAC entity.
And the values for this timer in TS 36.321 are specified as (including only FDD part for simplicity, emphasis added):
For BL UEs and UEs in enhanced coverage, HARQ RTT Timer corresponds to 7 + N where N is the used PUCCH repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted

The HARQ RTT timer measures the minimum time between the last subframe of PDSCH and the first subframe for which an MPDCCH for retransmission may be received. This value does not depend on the scheduling delay for PDSCH, but only on the HARQ-ACK delay. We would like to note that HARQ-ACK delay is not a new feature introduced with this TEI proposal, but it has been present since Rel-14 when HARQ-ACK delay and TTI bundling were introduced. We would also like to note that the introduction of these features in Rel-14 did not add a change to TS 36.321. In summary, we make the following observation:
Observation 1:
- If the sourcing company of [1] believes the dynamic HARQ-ACK delay (introduced in Rel-14) is seen to require a modification to the HARQ RTT timer, it is suggested to prepare a Rel-14 CR to TS 36.321 to include the HARQ-ACK delay in the HARQ RTT timer. 
· If that Rel-14 CR is agreed, i.e., dynamic HARQ-ACK delay in Rel-14 is seen to require a modification to the HARQ RTT timer,  this TEI (which also uses HARQ-ACK delay) would follow the same text without further modifications. In this case, there is no identified RAN2 impact due to introduction of this TEI since the identified ‘RAN2 impact’ in [1] is related to a Rel-14 feature.
· If that Rel-14 CR is not needed, i.e., dynamic HARQ-ACK delay is not seen to require a modification to the HARQ RTT timer, there is no reason to modify the HARQ RTT timer for the subject on this TEI, and thus there is no identified RAN2 impact.

Additionally, it should be noted that the HARQ RTT timer defines the minimum time for a retransmission. The typical time is usually larger than this. Modifying the scheduling in Figure 3 for 14 HARQ processes, we show in Figure 5 that we can schedule to receive a retransmission of HARQ 12 in subframe 17 (4ms after the transmission of HARQ-ACK). This exact same RTT (time between PDSCH and grant for retransmissions) can be achieved in Rel-14 with the feature of HARQ-ACK delay, as shown in Figure 6.


Figure 5: Scheduling of HARQ ID 12 with the same RTT as Rel-14 scheduling delay (shown in Figure 6)




Figure 6: Scheduling of Rel-14 with the same RTT as Figure 5. The DCI M0 indicates a HARQ-ACK delay of 13ms.

4 Consideration of larger TBS
During online discussion in RAN1#98b, the sourcing company of [1] also argued that the same objective can be achieved by increasing the maximum TBS (currently 1000 bits) by 20% to achieve the same peak data rate. This alternative has the following issues:
- It has clearly RAN2 impact, since it requires the introduction of a new UE category (max TBS for Cat-M1 UEs is 1000 bits) – this has to be addressed in TS 36.306.
- It increases the UE decoding complexity by 20%, since now the turbo-decoder has to be dimensioned to decode a 20% larger TBS. This requires hardware change and increased device cost.
- The increase of TBS will only achieve higher throughput for UEs in very good geometry conditions, since the coding rate will increase due to larger TBS..
Observation 2: 
The method to increase the peak rate using larger TBS by 20% has the following drawbacks:
	- It requires RAN2 change (introduction of new UE category on top of new UE capability)
	- It increases the UE decoding complexity by 20%
	- It only increases the throughput for UEs in extremely good coverage
In comparison, this TEI has following benefits:
	- It has NO RAN2 impact other than new UE capability and RRC configuration (as per Proposal 2)
	- It does NOT increase UE complexity 
	- It increases the throughput for all UEs operating with HARQ-ACK bundling

5 Keeping same flexibility for HARQs 0-9
One company mentioned, during online discussion in RAN1#98b, that the current proposal does not allow for the same flexibility in the case the UE configured with 14 HARQs is scheduled with only HARQs 0-9 . The concern is because 14HARQs is using a different set of HARQ-ACK delays as in Table of Sect. 2.2. Some comments:
- In Figure 4, it is seen that HARQs 0-9 only use values in the legacy HARQ-ACK bundling table, so the same timeline can be achieved by reusing the same delays for HARQs 0-9.
- With Option 1, the HARQ-ACK delay for HARQ IDs 0-9 is kept the same, so full flexibility is kept in this case.
- With Option 2, there are some HARQ-ACK delay values that are not present in the table for 14 HARQ, (8 and 10). Although we do not think this loss of flexibility is an issue, we can try to address the above concern  by adding the following minor modification to the table retain full flexibility for HARQ IDs 0-9 (highlighted below)
	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range1' and ce-pdsch-fourteenProcesses’ is not set
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range2' or ’ce-HARQ-AckBundling’ is set and (ce-pdsch-fourteenProcesses’ is not set or HARQ ID <10)
	HARQ-ACK delay value when ce-pdsch-fourteenProcesses’ is set and HARQ ID >=10

	000
	4
	4
	4

	001
	5
	5
	5

	010
	7
	6
	6

	011
	9
	7
	7

	100
	11
	8
	9

	101
	13
	9
	11

	110
	15
	10
	13

	111
	17
	11
	15



Note that companies are welcome to provide their input on the detailed values of the table above, and it is sourcing company’s understanding that agreeing to Proposal 1 does not preclude discussion in RAN1#99 on the exact set of entries for the table above.

6 Conclusions
In this contribution we presented a method to increase the peak data rate of HD-FDD eMTC UEs (up to 706kbps) without any increase in UE complexity. We made the following proposals:

Proposal 1: Introduce support of higher peak data rate  for Cat-M1 UEs in HD-FDD by means of the following:
· Support of 14 HARQ processes
· Support of additional scheduling delay of 7 for PDSCH 
· TPs to be agreed during RAN1#98b, taking as baseline Option 2 attached to this contribution.

Proposal 2: Introduce two new RRC parameters for supporting 14 HARQ processes with higher peak data rate:
· UE capability ce-pdsch-fourteenProcesses
· RRC configuration ce-pdsch-fourteenProcesses
On the comments raised during online discussion in RAN1#98bis, we make the following observations:
Observation 1:
- If the sourcing company of [1] believes the dynamic HARQ-ACK delay (introduced in Rel-14) is seen to require a modification to the HARQ RTT timer, it is suggested to prepare a Rel-14 CR to TS 36.321 to include the HARQ-ACK delay in the HARQ RTT timer. 
· If that Rel-14 CR is agreed, i.e., dynamic HARQ-ACK delay in Rel-14 is seen to require a modification to the HARQ RTT timer, this TEI (which also uses HARQ-ACK delay) would follow the same text without further modifications. In this case, there is no identified RAN2 impact due to introduction of this TEI since the identified ‘RAN2 impact’ in [1] is related to a Rel-14 feature.
· If that Rel-14 CR is not needed, i.e., dynamic HARQ-ACK delay is not seen to require a modification to the HARQ RTT timer, there is no reason to modify the HARQ RTT timer for the subject on this TEI, and thus there is no identified RAN2 impact.

Observation 2: 
The method to increase the peak rate using larger TBS by 20% has the following drawbacks:
	- It requires RAN2 change (introduction of new UE category on top of new UE capability)
	- It increases the UE decoding complexity by 20%
	- It only increases the throughput for UEs in extremely good coverage
In comparison, this TEI has following benefits:
	- It has NO RAN2 impact other than new UE capability and RRC configuration (as per Proposal 2)
	- It does NOT increase UE complexity 
	- It increases the throughput for all UEs operating with HARQ-ACK bundling
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