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1. Introduction
In establishing the number of unique HARQ processes addressable over the DL-SCH and UL-SCH, an essential  prerequisite is an assessment of the timing configuration governing the downlink and uplink data transmission and acknowledgment processes. This contribution outlines a potential acknowledgement timing scheme for both downlink and uplink, leading to a recommendation on the minimum number of HARQ processes to be supported.
2. Options for Timing
A large number of different options for HARQ timing are possible, but two potential options for HARQ timing appear in Figures 1 and 2. Figure 1 – which illustrates timing example A – shows both the downlink and uplink HARQ process timing in terms of the transmitted and received waveforms at the eNB transmitter, UE receiver, UE transmitter and eNB receiver respectively for a timing configuration where the eNB receiver frame process is offset or staggered with respect to the eNB transmitter frame process. Similarly, Figure 2 – illustrating timing example B – shows the same relations for an example without eNB transmitter and receiver frame staggering.
Importantly, both figures seek to illustrate timing for both the zero delay case (i.e. where the UE is located at zero delay with respect to the serving cell) and for the maximum delay case which is taken here to correspond to 100km, or 0.33ms one-way propagation delay. This target is driven by the requirements of Section 7.4 of TS 25.913 ‎[1] which states that:
E-UTRA should support the following deployment scenarios in terms of maximum cell range:

-
up to 5 km: performance targets defined in clause 7.1, 7.2, and 7.3 should be met.

-
up to 30 km: slight degradations in the achieved performance for the targets defined in clause 7.1 and more significant degradation for the targets defined in the clause 7.2 is acceptable however mobility performance targets defined in clause 7.3 should be met.

-
up to 100 km: should not be precluded by the specifications.

Here, it is assumed that in order to reduce complexity, the timing requirements for HARQ should not be dependent on the deployment scenario (i.e. should not vary with serving cell radius). Accordingly, the requirement to support 100km cell radii indicates a maximum 0.33ms one-way propagation delay (Tp) should be accommodated by a single reference timing diagram.

The timing diagrams are driven by the UE- and eNB-specific parameters listed in Table 1, modified by the maximum propagation delay Tp, with the primary difference between example A and B lying in the stagger of the eNB receiver frame process in example A by Tp. This has the effect of reducing the impact of the propagation delay on the UE timing allocation.
	Parameter
	Descriptor
	Value
Example A
	Value Example B

	tUE_DL
	Minimum UE time from end of reception of DL-SCH to start of UL ACK transmission.
	3ms – Tp
	3ms – 2Tp



	tUE_UL
	Minimum UE time from reception of DL ACK to start of UL-SCH subframe transmission.
	3.7ms – Tp
	3.7ms – 2Tp


	teNB_DL
	Minimum eNB time from end of reception of UL ACK to start of DL-SCH subframe transmission.
	3ms – Tp
	3ms

	teNB_UL
	Minimum eNB time from end of UL SCH reception to start of DL ACK transmission.
	3ms – Tp
	3ms


Table 1 – Timing parameter summary.
It can be observed from the figures – using the parameters of examples A and B respectively in Table 1 –  that a minimum number of 8 HARQ processes is then applicable to both the downlink and uplink.
3. Conclusions
This contribution has presented two examples for HARQ timing. Example A permits some further optimisation of the timing budget allocation between the UE and eNB and  is proposed for adoption. It is further proposed to specify a minimum of 8 HARQ processes on both the downlink and uplink, with any need to specify addressing support for more than 8 processes FFS.
4. References
[1] 3GPP TS 25.913v7.3.0, “Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)”
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Figure 1 – Timing Example A.
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Figure 2 – Timing Example B.
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