3GPP TSG RAN WG1 Meeting #86bis	R1-1608798
Lisbon, Portugal 10th - 14th October 2016

Agenda item:	7.2.8.1.4
Source: 	Sequans Communications
Title: 	on supporting 10 DL HARQ processes
Document for:	Discussion  
1. Introduction
As one of the options to support higher data-rates with eMTC, the WID [1] describes: 
· Up to 10 DL HARQ processes in CE mode A in FD-FDD

 In this contribution we present our view on increasing the number of HARQ processes.
2. Supporting 10 processes in FD-FDD
Rel-13 eMTC supports up to 8 DL HARQ processes in CE mode A, and up to 2 DL HARQ processes in CE mode B. When UE is configured with CE mode A and without repetitions, a full duplex FDD UE can reach a maximum data-rate of 800kbps (assuming 1000bits per TB) which is 20% lower than the maximum data-rate that can be reached in UL of 1Mbps. 
The reason for the difference is cross-subframe scheduling as illustrated in the figure below - 
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[bookmark: _Ref461713875]Figure 1 –scheduling pattern for a full-duplex FDD with 8 DL HARQ processes
Because MPDCCH-PDSCH timing relationship is N+2, PDSCH is delayed with respect to its scheduling MPDCCH and this effectively generates HARQ RTT of 10ms instead of 8ms. When maximum number of HARQ processes is 8 it means that within 10ms RTT, only 8 DL subframes are scheduled and there is a loss of 2 DL SF not used for scheduling.
If 10 HARQ processes are supported, same HARQ RTT of 10ms is still kept, but it allows to schedule consecutively 10 DL subframes, and with 10 DL SF scheduled with HARQ RTT of 10ms, the output peak data-rate that can be achieved is 1Mbps.  This is shown in Figure 2
[image: ]
Figure 2 - scheduling pattern for a full-duplex FDD with 10 DL HARQ processes
[bookmark: _Ref461371940]Observation #1: supporting 10 DL HARQ processes improves FD-FDD data-rate with 20%
3. Supporting 10 processes in HD-FDD 
Using 10 HARQ processes is not only beneficial for FD-FDD but also for HD-FDD. In a companion contribution [2] we describe data-rate improvements for HD-FDD, and based on observations made in that contribution, we mention here two possible schemes that will gain from using 10 processes. 
In one example, we can imagine a single bundle of DL subframes. With this example if we increase the number of HARQ processes from 8 to 10 and the data-rate is increased from 533kbps (8 DL SF / 15 ms) to 588kbps (10 DL SF / 17 ms) which is a 10% improvement. 
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Figure 3 - scheduling pattern for a half-duplex FDD with 10 HARQ – option A
In another example we also use 10 processes, but rather than using it to increase the size of the DL bundle it is used to compensate for cross-subframe scheduling (in a similar manner as it is proposed to be used for FD-FDD). With this scheme the data-rate is increased from 533kbps to 600kbps which is 13% improvement
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Figure 4 - scheduling pattern for a half-duplex FDD with 10 HARQ – option B
Observation #2: supporting 10 DL HARQ processes improves HD-FDD data-rate with more than 10%
Observation #3: supporting 10 DL HARQ processes compensates for the loss created by cross-subframe scheduling in HD-FDD as well as for FD-FDD
Since DCI format 6-1A only includes 3 bits for HARQ ID, it cannot be used to indicate 10 HARQ processes. One option is to try and jointly encode 10 processes with other existing bits. Another option, which we believe is the preferred one is to increase the HARQ ID field to be 4 bit wide, as it is in TDD. 
Another issue that needs to be addressed is whether soft-buffer size needs to be increased beyond what is specified in Rel-13, or should it remain with same size. This to be discussed further and does not necessarily has to be defined the same for HD-FDD and for FDD. 
4. Conclusions 
In this paper we described the motivation for considering support of 10 HARQ processes in Rel-14 feMTC, and we made the following observations
Observation #1: supporting 10 DL HARQ processes improves FD-FDD data-rate with 20%
Observation #2: supporting 10 DL HARQ processes improves HD-FDD data-rate with more than 10%
Observation #3: supporting 10 DL HARQ processes compensates for the loss created by cross-subframe scheduling in HD-FDD as well as for FD-FDD
Therefore we propose the following – 
Proposal: Rel-14 feMTC HD-FDD and FD-FDD supports up to 10 DL HARQ processes  
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