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1
Introduction

In [1] a default assumption of uplink synchronous HARQ has been taken while the selection for downlink is still very much open. In this contribution, we discuss whether uplink and downlink can be considered separately and emphasize some potential issues related to the default assumption in [1]. We make the point that E-UTRAN is very much different from WCDMA/HSPA in terms of HARQ argumentation since multiplexing in WCDMA can be considered as “soft” by nature. Due to orthogonal multiplexing in E-UTRAN uplink and downlink, we have to reserve the physical system resources for synchronous HARQ which could cause system losses when multiplexing dynamic and semi-static allocations in both uplink and downlink. 

2
Discussion
The current state related to HARQ from [1] is summarized in Table 1 below. The reference [1] mentions the pros and cons of synchronous versus asynchronous HARQ. In the following subsections, we address various aspects of these descriptions and propose further issues that should be considered before final conclusions may be drawn.

Table 1: HARQ assumptions for E-UTRAN in 25.814
	HARQ
	Downlink
	Uplink

	Timing of ACK/NACK
	FFS
	Synchronous relative to transmission is assumed

	Timing of retransmissions
	Both asynchronous and synchronous relative to 1st transmission is discussed (e.g. FFS)
	Synchronous relative to 1st transmission is the default assumption

	Retransmission strategy relative to coding
	Incremental redundancy (with chase combining as sub-case)
	Incremental redundancy (with chase combining as sub-case)

	Physical resource allocation for retransmissions
	Both adaptive versus non-adaptive is discussed (e.g. FFS)
	Both adaptive versus non-adaptive is discussed (e.g. FFS)

	Time domain efficiency mechanism
	N-Channel Stop-and-wait (SAW)
	N-Channel Stop-and-wait (SAW)


2.1
Downlink versus uplink HARQ

As seen from Table 1, a default selection has been made for uplink to use synchronous HARQ. This is consistent with WCDMA/HSPA where the E-DCH in WCDMA uses a synchronous, non-adaptive HARQ scheme. However, E-UTRAN UL is fundamentally different from HSUPA, and hence we should not by default just select what is used for HSUPA (same applies for WCDMA/HSDPA and E-UTRAN downlink). The first aspect we would like to discuss is how different we can consider the uplink and downlink directions. If we focus on the two key arguments commonly used for uplink synchronous HARQ (leading to default assumption selection for uplink):

-
Reduction of control signalling overhead from not signalling HARQ channel process number: we may argue that downlink synchronous HARQ would provide similar (and possibly larger benefits) for UE uplink signalling - e.g. with synchronous HARQ in downlink the UE would not need to transmit any/full CQI report for preparing the downlink transmissions (depends a bit on whether adaptive or non-adaptive HARQ is selected).

-
Lower operational complexity if non-adaptive operation is chosen. As will be argued later in this contribution, this may not be true when considering e.g. that some gaps are already reserved for DRX/DTX users and other types of semi-static allocations. With synchronized HARQ, such gaps need be known by both the UE and eNB.

Many of the issues of multiplexing different types of services will relate evenly to the choice of HARQ for uplink and downlink and should be carefully considered as well.

2.2
Synchronous HARQ and multiplexing

Immediately, the selection of synchronous over asynchronous HARQ does not pose any problems provided that all transmissions in both uplink and downlink are made using dynamic (or one-shot) allocations; e.g. scheduled. However, to make the E-UTRAN system attractive to users and operators, we will need to provide means to (1) save UE power, (2) provide efficient distribution of common channels, (3) secure coverage and (4) provide additional means to save signalling overhead. Some key items studied related to the “ability of the system to pre-allocate resources in the future” include:
-
DRX/DTX concept in active mode to save UE power consumption (evenly important to uplink and downlink);
-
Pre-defined allocation of control and broadcast information such as system information, SCH, MBMS, etc (mostly a downlink issue);
-
Semi-static allocation methods in uplink (FFS);
-
Using variable size TTI in uplink (FFS).
With this in mind, the challenges do not relate to whether we use synchronous or asynchronous HARQ within the pre-allocated resources but rather what we use for the dynamic allocations. In this area, there is a key difference between WCDMA/HSUPA and E-UTRAN. In E-UTRAN, users are made orthogonal in the physical resource domain (e.g. separate time/frequency) while users in WCDMA/HSUPA can share the same physical resources but are separated in the code domain. The WCDMA/HSUPA approach has the immediate advantage that the noise rise target can be set to absorb the overhead related to retransmissions. Collisions with other users do not have huge impact since the code-domain separation allows maximum usage of trunking efficiency principles. In this case, synchronous HARQ becomes an attractive solution for the WCDMA/HSUPA uplink. 

To illustrate the potential problem related to E-UTRAN, consider the simplified illustration in Figure 1. The green areas identify where a certain DRX user is located in time (each box denotes a sub-frame). For simplicity we assume that the UE is active in both uplink and downlink at nearly the same time instance. To be able to make a scheduling commitment to a UE it is necessary to facilitate efficient power saving while maintaining a certain QoS (below could be an example of a VoIP user). For simplicity, let us assume that the UE needs to be allocated all the physical resources within the sub-frame to transmit/receive its required data (e.g. corresponding to an instantaneous per sub-frame data rate of ~600 kbit/s for the case of VoIP). If we have synchronous HARQ in uplink and/or downlink, we assume for simplicity that there are 4 sub-frames between a transmission and the corresponding HARQ retransmission. To ensure that we can allocate the DRX user, we can thus not transmit to any user 4 sub-frames before the DRX=off period since we may risk that the UE fails its first transmission and thus will require that its retransmission is sent at the same time instance as the DRX user. Assuming that the system runs with a maximum of three retransmissions, we actually have to idle the system in all the red sub-frames (e.g. possibly causing significant capacity loss at system level).
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Figure 1: Potential issue between using synchronous HARQ in uplink and downlink

The above is not a problem when using asynchronous HARQ in both uplink and downlink: the 1st transmission or retransmission of a user can fit in the “silent periods” of another user, without the risk of collision as retransmissions can be moved freely. 
3
Conclusions

We have identified a potential multiplexing issue between dynamic and semi-static allocations when using synchronous HARQ for both the uplink and the downlink. We propose to consider this aspect carefully before deciding whether HARQ for in E-UTRAN should be synchronous or asynchronous.
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