Page 1
3GPP TSG-RAN WG1 #86bis 	R1-1610180
[bookmark: _GoBack]10th – 14th Oct 2016
Lisbon, Portugal

Agenda item:	8.1.7.2
Source: 	Qualcomm Incorporated
Title: 	Number of HARQ processes
Document for:	Discussion/Decision
Introduction
In LTE TDD, HARQ Timeline is very complicated due to the fact that, UL feedback channel can only be sent when there is an opportunity of uplink subframe. Also, due to n+4 Ack timeline, not all DL subframes preceding the UL subframe could be acked in that subframe. Hence, more than 8 HARQ interlaces were created. The HARQ timeline for LTE TDD has caused major grief in implementation, testing and commercialization of LTE TDD, which gets even worse with the introduction of eIMTA. A much better HARQ design is expected in NR to give orders of magnitudes of improvements.
Table 1: TDD UL/DL configuration
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Self-contained HARQ process
In NR, a clean, forward-compatible solution to TDD HARQ problem has been proposed, i.e. self-contained frame structure. An illustration of how such design can impact frame structure was discussed [1] [2] and illustrated below in Figure 1.


Figure 1. Control intervals with mixed interference on data bursts (timing advance shown)
Due to the presence of UL common burst (ULCB) at the end of each transmission control interval, there are always opportunities to transmit Ack to complete the HARQ transaction. Therefore, no lingering Ack will be waiting for UL transmission opportunities, which significantly benefits the following areas:
· Dynamic TDD
· Forward compatibility
· Ultra-reliability low latency communication
· Low complexity high throughput support
· NR over unlicensed band
Both network and UE benefits from self-contained frame structure. 
Based on the study in [2], it has been observed that for self-contained uplink and downlink slots, the following may be feasible in NR depending on the design of the physical layer channels.
Proposal 1: NR should target to single interlace self-contained HARQ process at least for some UEs and base stations in TDD mode.
Multiple HARQ processes
On the other hand, it should also be noted that, single interlace self-contained HARQ process comes at a price. To facilitate on-the-fly data reception processing, causal channel estimation needs to be used, which limits the performance at medium to high Doppler and high geometry scenarios. In such cases, Ack in slot(n+1) or slot(n+2) may provide more robust performance. Hence, more than 1 HARQ processes, such as 3 HARQ processes may be needed to ensure robust performance. 
Proposal 2: NR should also target to support one (more than one FFS) multiple HARQ process mode for UE and eNBs in TDD mode.
Configuration of number of HARQ process
In LTE TDD, the number of HARQ processes is semi-statically configured based on the current UL/DL configuration and number of HARQ processes of all UEs in the cell will be reconfigured by SIB (or more dynamically as in eIMTA). In NR, due to different tradeoffs of different UEs, single HARQ process vs multi HARQ processes could be configured in a UE specific manner, which could also be done semi-statically as in the case of LTE, i.e., when system needs to be configured to support dynamic TDD or blank out for a period of time, self-contained transaction will be highly desirable and in such case, capable UEs will be configured as single HARQ process.
In certain cases, where multiple HARQ processes are configured, while forward compatibility is still needed. There are multiple ways of achieving that. First is the anchoring of ULCB to ensure even the UL/DL data portion of slot is blanked out, ULCB is always available to support UL Ack and protected from mixed interference. In the case ULCB is also blanked out, some information regarding blank data slot is signaled to UE via physical format indicator channel.
One further question is the need for fully dynamic switch of HARQ processes and/or fully dynamic Ack timeline based on eNB signaling. The system design is always about the trade-offs between performance and complexity. We have learnt from the LTE HARQ design that convoluted HARQ processes should be avoided in NR. One way to do that is to operate in self-contained HARQ mode. Fully dynamic switch of HARQ processes and/or fully dynamic Ack timeline seem to be able to achieve similar result, however, we should note that this will significantly increase UE complexity. 
From the UE perspective, such dynamic indication of Ack timeline leads not only to a significant increase in implementation complexity, but also potential impact on UE performance. It more likely that a pipelined processing is unavoidable to achieve self-contained transmissions. A flexible timing relationship may make the pipeline processing much less efficient. For example, a fixed timing relationship between grant, data and ack may require the UE to budget data processing speed for the worst case (i.e. single HARQ process). On the other hand, unlike in the self-contained single HARQ process case, UE benefits from data and LLR buffering, in the case of dynamic Ack timeline, UE still has to budget for the worst case (i.e. maximum number of HARQ processes mode), hence UE has to be design to the intersection of the worst of both modes. 
At the same time, going back to Table 1, we recall that one major motivation of HARQ process redesign is to avoid the many combinations of HARQ possibilities which make the system design complicated, which slows down development and commercialization (both from UE point of view and IODT point of view). If HARQ timeline becomes fully dynamic, then the situation is much worse than the current LTE TDD, as the number of possible combinations could be grow exponentially, which makes it extremely challenging for debugging and commercialization. Hence, the feasibility of fully dynamic HARQ ack timeline shall be investigated very carefully.
Observation: Fully dynamic HARQ Ack timeline may lead to not only an increase in UE implementation complexity, performance degradation, but also making the whole TDD HARQ process convoluted, which will hinder the pace of NR deployment and commercialization.
Proposal 3: The need of fully dynamic HARQ Ack timeline need to be investigated very carefully and justified by sufficient performance benefit.
[bookmark: _Ref378529477]Conclusions
Proposal 1: NR should target to single interlace self-contained HARQ process at least for some UEs and base stations in TDD mode.
Proposal 2: NR should also target to support one (more than one FFS) multiple HARQ process mode for UE and eNBs in TDD mode.
Proposal 3: The need of fully dynamic HARQ Ack timeline need to be investigated very carefully and justified by sufficient performance benefit.
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