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1. Introduction
The RAN1#49bis meeting concluded that the minimum round-trip time 
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 and minimum number of HARQ processes 
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 to support continuous transmission should be in the range 6-8 processes, with a final determination of a single applicable number of processes to be determined by e-mail discussion and conclusion at RAN1#50.
Several contributions to RAN1#49bis addressed the topic of the number of HARQ processes, including [1]

 REF _Ref173461710 \r \h 
[2][3]. In those contributions, the UE and eNB processing times were naturally fundamental to determining 
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, and are summarised in Table 1.
	Parameter
	Descriptor
	Motorola [1]
	Qualcomm
[2]
	Ericsson
[3]

	t_UE_DL
(ms)
	Min. UE delay from end of reception of DL-SCH subframe to start of UL ACK transmission.
	3ms -Tp
 or
3ms-2Tp
	3.0ms
	1.9ms

	t_eNB_DL
(ms)
	Min. eNB delay from end of reception of UL ACK to start of DL-SCH subframe
(re-)transmission.
	3ms-Tp or
3ms
	3.0ms
	3.0ms

	t_UE_UL
(ms)
	Min. UE delay from start of reception of DL ACK to start of UL-SCH subframe
(re-)transmission.
	3.7ms-Tp or
3.7ms-2Tp
	3.0ms
	2.9ms

	t_eNB_UL
(ms)
	Min. eNB delay from end of UL SCH reception to start of DL ACK transmission.
	3ms-Tp or
3ms
	3.0ms
	3.0ms


Table 1 – Summary of UE and eNB min. processing times from [1]‎[2]

 REF _Ref173463716 \r \h 
‎[3].
While [1] concludes 
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 is required if a single HARQ timing regime is to support the cell radii and propagation delays envisaged by 3GPP TS 25.913 (which specifies 100km range must be functionally supported), and notwithstanding the requirement of RAN1#49b to align on a single value of 
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, Motorola also previously proposed a variation of HARQ timing with cell radius as a possible solution to further optimising HARQ latency in small cell deployments. That approach was adopted in [3], which explored process orders in the range 
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while [2] appears to express a preference for  
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2. Discussion

Using the timing diagram of Figure 1 as reference, Table 2 summarizes a deployment-dependent HARQ timing scheme.  In this approach, there is zero offset between the downlink and uplink subframe boundaries at the eNB (i.e. 
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). eNB timing is invariant with cell radius with both t_eNB_DL and t_eNB_UL set to 3.0ms. Nevertheless, in order to support the absolute minimum supportable values of 
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, the UE processing times in Table 2, such as the round trip time 
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 and number of HARQ processes 
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 vary with cell deployment radius. Specifically, 
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 is set to 7 for 1-way propagation delays less than or equal to 33.3s (i.e. 10km 1-way propagation distance) and to 
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 for larger 1-way propagation delays.
The timing relation supported by Table 2 provides for a minimum value of t_UE_DL (i.e. time for UE to acknowledge DL-SCH subframes, see Table 1) of 1.93ms. Increasing the cell radius to 20km for which 
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 is supported would reduce the minimum value of t_UE_DL to 1.87ms. But this is not recommended given the already large cell (10km) radius supported for  
[image: image15.wmf]7

ARQ

N

=

. Note that 3GPP TS 25.913 requires that optimal performance be maintained up to a cell radius of 5km, which suggests that maximum radius supported for 
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 could also be reduced to 5km.
Table 2 also lists 1-way propagation distances up to 200km. It is obvious, however, that such large cells may not be practicable for reasons other than timing – e.g. due to link budget restrictions. Including the 200km case reduces the minimum value of t_UE_DL from 1.93ms to 1.67ms, and accordingly the proposed maximum cell radius to be supported is 150km, which exceeds the TS 25.913 requirement of 100km, while not impacting the minimum value of 1.93ms of t_UE_DL.
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Min. t_eNB_DL (ms) 3.00

Min. t_UE_UL (ms) 2.93

Min. t_eNB_UL (ms) 3.00

Min. t_UE_DL (ms)


Table 2 – Minimum UE and eNB processing times vs. cell radius.
2.1.1. Dual Value of 
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Note that if a variable timing scheme were to be adopted, then two options are possible: a) specifying 
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 to be common to all UE’s in a cell (or possibly even all cells in a network), or b) specifying 
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 on a UE-specific basis.
Option a) – i.e. cell-specific 
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 value – has advantages in terms of simplicity, since the applicable value of 
[image: image22.wmf]ARQ

N

 can be established during system planning and signalled on a common control channel basis (e.g. via BCH). Note that if 
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 is specified on a cell-specific basis, optimisation of delay in establishing 
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 during handover should be addressed (e.g. an 
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 indictor might be included in handover messaging etc.).
Option b) – i.e. UE-specific 
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 value – would allow UE’s close to the eNB in large cells (i.e. cell radii in excess of 10km) to use the preferred value of 
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, and the remaining UE’s in the cell to use 
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. Since the UE is aware of the timing advance ordered by the eNB, the resulting shared eNB-UE timing advance information could be a sufficient indicator to allow adjustment of the UE timing as the 1-way propagation delay varies, although hysteresis against the eNB-instructed timing advance may be necessary to avoid “ping-ponging” between UE HARQ timing states. Alternatively, UE’s could be provided an additional single-bit downlink indication to instruct the change of HARQ timing, or 
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 could simply be signalled using a higher layer.
Nevertheless, since most LTE cells could reasonably be expected to have a cell radius less than or equal to 10km, 
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 would be typical and the added complexity of UE-specific 
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 optimisation in larger cells may not be worthwhile. Accordingly, if two values of 
[image: image32.wmf]ARQ

N

 are permitted, option a) above is preferable.
2.1.2. Timing Offset at eNB
Finally, as stated above, the proposal of Table 2 assumes that the downlink and uplink frame boundaries at the eNB are aligned – i.e. zero timing offset applies between the uplink and downlink. Nevertheless, if some further granularity of adjustment or re-allocation of processing time between the eNB and UE is required, it may be beneficial to consider non-zero timing offset. An example of timing budget allocation, assuming an offset of 0.5ms (i.e. 
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) appears in Table 3. In this example, the UE minimum downlink processing time is increased from 1.93ms to 2.43ms, at the expense of reducing the eNB timing allocations from 2.5ms to 3.0ms.
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Table 3 – Minimum UE and eNB processing times, 
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3. Conclusions
This contribution proposes that :

a) Support for 
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 is required for at least some network deployment scenarios (i.e. cells with radius greater than 10 km), and should be adopted if a single value for 
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 is to be specified.
b) Nevertheless, 
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 can be supported for one-way propagation delays less than 33.3s (10km cell radius) and could be supported if two 
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 values are to be specified. The achievable reduction in H-ARQ round-trip time indicates this approach should be adopted. 
c) If two values of 
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 are allowed:
a. The same value of 
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 should apply to both downlink and uplink for a given UE at any instance.

b. A single value of 
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 should be commonly applied to all UE’s operating in a specific cell, but can vary between cells.
c. Signalling means for identifying the value of 
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 applicable in a cell should be established – e.g. via the BCH. Note that it is not considered necessary to map the 
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 value indicator to the P-BCH.
d) The downlink and uplink frame processes at the eNB should be aligned.
e) If further re-partitioning of the timing budget between the UE and eNB processing is required, or finer granularity of timing budget allocation is needed, then the timing of the downlink and uplink frame processes at the eNB could be offset. If such an approach were to be adopted, a single static value of offset, applicable to all cells, is desirable.
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Figure 1 – Timing diagram, including UL/DL frame offset 
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