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1 Introduction
Dual connectivity is an important part of the Small Cell Enhancement work item in RAN2 [1] and in the study in RAN1 [2]. The case with non-ideal backhaul between the nodes is of particular interest.
One motivation for investigating dual connectivity in Rel-12 is that previous deployment scenarios are not expected to perform well if non-ideal backhaul is introduced. For instance, legacy CA with Macro and small cell on different carriers can work with ideal backhaul. If the backhaul requirements are relaxed, legacy functions may not work as expected. One such key legacy function is the HARQ procedure. 
One way to address the downlink HARQ timing issue due to non-ideal backhaul is to introduce ACK/NACK (one kind of UCI) transmission to Scell, which can work only for UEs with uplink CA capability. One approach for UEs without such capability is to introduce an uplink time-division multiplexing scheme between the cells [6].

This contribution proposes another way to address the HARQ timing issue due to non-ideal backhaul. This approach has the benefit that it can relax the backhaul constraints in other scenarios as well, in addition to dual connectivity with CA.
2 Other scenarios with HARQ issues under non-ideal backhaul
Beside multipoint CA, there are also other multipoint deployments that rely on ideal backhaul. For example CoMP scenario 2-4 with Joint Processing (incl. DPS) [3] also depend on an ideal backhaul to operate the HARQ procedure properly. 
CoMP scenario 3 and 4 overlap with the co-channel small cell scenario#1 [4]. In CoMP scenario 4, it is often feasible to transmit the downlink from one node (e.g. macro) and decode the uplink in another node (e.g. small cell). Also in CoMP scenario 3, it is possible to decouple downlink and uplink for Rel-11 UEs, using virtual cell-ids. The decoupled co-channel case has also been brought up for co-channel dual connectivity [7].  Without ideal backhaul in these scenarios, the HARQ procedure may not work properly.
In fact, any deployment scenario where the HARQ procedure involves the use of a backhaul link relies on ideal backhaul to operate properly. From the network point of view, the HARQ procedure involves the downlink transmitter, the uplink receiver and the MAC scheduler functions. Each of these three functions is involved in both the downlink and the uplink HARQ procedure. In some deployments, the functions may be located in different nodes (for some UEs). Also, each function may be located in multiple nodes, for instance the downlink transmitter in the case of joint transmission in CoMP. Information is passed between the functions in different order depending on if it is downlink or uplink HARQ.
3 HARQ issues under non-ideal backhaul
In this section, the issues with the HARQ procedure under non-ideal backhaul is discussed in some more detail. Several deployment scenarios where this could occur were described in section 1.

According to [5], the non-ideal backhaul delay can be in the order of tens of milliseconds. This means that for the scenarios where the HARQ procedure involves the use of a non-ideal backhaul, also the HARQ round-trip time (step 1. to step 4. above) will be at least in the order of the backhaul delay, i.e. possibly tens of milliseconds.
To gain from soft combining, the scheduler needs to wait until an ACK has been obtained for the previous block transmitted on a HARQ process before new data is scheduled on the HARQ process. In the cases where non-ideal backhaul is involved in the HARQ procedure, this means that the scheduler may have to wait tens of milliseconds between two subsequent uses of a HARQ processes. Since FDD LTE offers 8 HARQ processes (for TD-LTE it depends on the configuration), a single UE in such a situation can be scheduled in only 8 out of those tens of subframes. If only a single or a few UEs under a node are active, this may reduce the per-user throughput and system capacity significantly. 
For example, consider a downlink and uplink decoupling of a particular UE in FDD where the downlink is transmitted from a macro and the uplink is received in a small cell. Assume that only this UE is currently active in the small cell uplink. The delay between the reception of the PUSCH in the small cell and the corresponding transmission of a scheduling grant (based on the decoding result) is assumed to be 10 subframes. This includes PUSCH decoding delay in the small cell, backhaul delay between small cell and macro and uplink scheduling delay. Table 1 shows the timing of this example.
	Subframe
	PUSCH HARQ process received in the small cell
	PHICH ACK from Macro 
	PDCCH scheduling grant for HARQ process from Macro
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	1

	n+14
	
	
	2

	n+15
	
	
	3

	n+16
	0
	
	4

	n+17
	1
	
	5

	n+18
	...
	...
	...


Table 1: Uplink example where only 50% of the subframes can be used, due to non-ideal backhaul and HARQ process waiting.

In subframe n in Table 1, the UE transmits PUSCH for HARQ process 0. Due to the processing and backhaul delay, the macro can not respond with a retransmission/new data scheduling grant until subframe n+10. Therefore, the macro needs to respond with an ACK on PHICH in subframe n+4 regardless of the decoding result in the small cell. Due to the synchronous HARQ in the uplink, the macro can not react to the decoding result in subframe n+10, but has to wait until n+12 where it can transmit the PDCCH with grant for retransmission or new data for HARQ process 0. In this example, it is clear the 50% of the sub-frames are unused, due to HARQ process waiting. 

A similar example could be shown for the downlink.
Note that if enough UEs under a node are active, their HARQ processes can be time-multiplexed so that all resources can be used anyway. 
Observation 1: The impact of non-ideal backhaul on the HARQ procedure is most severe if the shared (data) channels of only a single or a few active UEs are served by a node. The result may be wasted time-frequency resources, due to waiting HARQ processes.
Observation 2: Typically, only a subset of the UEs will suffer from this problem. Typically, this subset of the UEs changes slowly with time.
Observation 3: Allowing for an increased number of HARQ processes for the UEs affected by the problem above would alleviate the negative performance impact. 
Proposal: RAN1 should investigate the possibility to let the number of downlink and uplink HARQ processes be UE-specific and configurable through RRC signalling. This could relax the ideal backhaul constraints in many deployment scenarios, including:
· Dual connectivity with macro and small cell on different carriers,
· Dual connectivity with macro and small cell on same carrier (co-channel with decoupled UL/DL),
· CoMP with joint processing.
Observation 4: Relaxed HARQ timing can also be beneficial from an implementation point of view, for example for centralized scheduling of multiple cells.
4 Summary
Proposal: RAN1 should investigate the possibility to let the number of downlink and uplink HARQ processes be UE-specific and configurable through RRC signalling. This could relax the ideal backhaul constraints in many deployment scenarios, including:

· Dual connectivity with macro and small cell on different carriers,

· Dual connectivity with macro and small cell on same carrier (co-channel with decoupled UL/DL),

· CoMP with joint processing.
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