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1          Introduction

A WI aimed at extending the coverage for HSUPA 2ms TTI operation was approved in [1].  This T-doc analyses the various methods proposed in past meetings and introduces a possible way forward for the purpose of completing this WI.
2          UL Coverage Extension Methods

Although not specified in the WI description, it is obvious that any possible increase in UL coverage extension cannot involve increasing the UE transmit power or resorting to higher Tx/Rx diversities.  Given this, coverage extension can only be achieved at the expense of lower throughput.  With this in mind, the following methods are explored.
2.1
Reduced Transport Block Size
A smaller transport block size can be demodulated at lower SINR than that of a larger transport block size.  This will increase the cell coverage.  It was proposed in [2] that the smallest transport block (TB) size is reduced from 120 bits to 40 bits.  This reduction will require a new E-TFCI to TB size table and it was shown in [3], if MAC segmentation of voice packets was taken into consideration, the improvement in link budget was marginal.  This option was not pursued further.  However, the same analysis in [3] suggested a link budget gain of about 1.2 dB when TB size reduction is used compared with no reduction in TB size.  This is significant in terms of coverage especially in a suburban or rural environment.  Furthermore, apart from voice users the smaller TB can be used for other services that do not require MAC segmentation (e.g. downloading a high text content web page, or HTTP ACKs). 
2.2
Repetition

When the UE is power limited (e.g. at cell edge), additional coverage gain can be achieved by repeating the transmission of the PDU.  In [4], an 8 times repetition was proposed with HARQ retransmissions disabled.  It was shown that 8 times repetition offers link budget gain over a single 10 ms TTI transmission [4].  This is expected since 8 times repetitions is transmission over 16 ms compared to 10 ms.  However, it is also shown in [4] that 8x repetitions is 2 dB poorer in link budget compared to that in 10 ms TTI with a  maximum of 2 HARQ transmissions.
Unlike HARQ retransmission, repetition continues to transmit the same packet even when the NB has successfully received it.  This may cause excessive interference to other users especially when it is done by a UE that is transmitting close to maximum power and likely to be in an overlapping region with a neighbouring cell. 

2.3
TTI Length Extension

TTI length extension was proposed in [4], where the packet is rate matched to transmit over a larger TTI (i.e. larger than 2 ms).  Similar to repetition, HARQ retransmissions are disabled.  Simulation results [4] show that the performance is similar to that of a single 10 ms TTI transmission when the TTI length is extended from 2ms to 10 ms.  This is expected since the same packet extended to the same 10 ms period would have similar gains.  When the TTI is extended to 16 ms, the performance is better than that when the packet is repeated 8 times (transmission over 16 ms).  This shows that repetition is not as efficient as rate matching the same packet to the same period of time, due to the additional coding gain that is achieved by the rate matching algorithm.
TTI length extension to 10 ms does not offer any additional gain over the existing 10 ms TTI E-DCH but introduces additional procedures and complexity to the rate matcher and also to the NB to enable length extension.  Also it loses the dynamic flexibility of HARQ retransmissions.

2.4
2 ms to 10 ms Switching

Simulations performed in [4] and [5] show that 10 ms TTI with at most 1 retransmission has higher gain than that of the 8x repetition scheme.  Given these results, it is proposed in [6] that when the UE is in a power limited condition, it could switch from 2 ms to 10 ms TTI, thereby improving its link budget gain.  This scheme is simple.  Furthermore 10 ms TTI operation is already well defined.  However, switching TTI will require radio link reconfiguration, which may cause interruptions to the service.  To reduce interruptions, [5] suggested a fast TTI switching using HS-SCCH order.  The RNC can then be informed of this TTI switch.
The HARQ RTT of a single transmission in 10 ms TTI is 40 ms (4 HARQ processes at 10 ms TTI) and hence services requiring inter-packet delays of less than 40 ms (which can be supported  with 2 ms TTI) cannot be served if they are switched to 10 ms TTI operation.
2.5
Squeezed Extended HARQ Retransmissions
The UE will require less transmit power for a packet if the packet can be retransmitted.  Unlike repetition, retransmission can stop prior to reaching its maximum number of retransmissions once the NB successfully receives the packet.  It can also gain from the use of Incremental Redundancy and time diversity.  However, further retransmissions of a packet beyond the max number of retransmissions specified in the HARQ profile will introduce additional delay thereby not meeting the targeted QoS.  When the UE operating in 2 ms TTI is power limited, it is proposed here that the number of retransmissions is increased and at the same time the number of HARQ processes is reduced (less than 8) for 2 ms TTI HSUPA, in order to squeeze in more HARQ retransmissions than the maximum specified by the HARQ profile, without violating the QoS delay constraint, thereby increasing the coverage.  Simulations are performed on this method in Section 3 and compared to 10 ms TTI operation.
3          Simulations

The Squeezed Extended HARQ Retransmissions method described in Section 2.5 is evaluated using link level simulations.  Here, it is assumed that two QoS services require a transport block size (TBS) of 354 bits with the following inter-packet delay (transmission time between two consecutive packets):
1) 64 ms

2) 80 ms

A TBS of 354 bits is selected because it is common between 2 ms and 10 ms TTI and also close to the TBS used in [5] (307 bits and 317 bits for 2 ms and 10 ms TTI respectively).  The simulation assumptions are summarised in Table 1.
Table 1: Link level simulation assumptions

	ITEM
	PARAMETER
	VALUE

	1
	Carrier frequency (MHz)
	2000

	2
	Transport Block Size (bits)
	354

	3
	Channel propagation profile
	Ped-A (3 kmph)
Veh-A (30 kmph)

	4
	NB Receiver
	Rake with Rx Diversity

	5
	Inner Loop Power Control
	Off

	6
	Outer Loop Power Control
	Off

	7
	HARQ Combining
	IR


The scenarios listed in Table 2 are simulated.  The effective inter-packet delay is the inter-packet delay when the (extended) maximum number of retransmission is reached for the given number of HARQ processes.  Scenarios 1 and 2 do not require extended HARQ retransmissions since both meet the target QoS inter-packet delay without the need to reduce the number of HARQ processes.  Scenario 3 and Scenario 4 use extended HARQ retransmissions for target inter-packet delay of 64 ms.  Scenario 5 and Scenario 6 have a target inter-packet delay of 80 ms.  Scenario 7 and Scenario 8 operate in 10 ms TTI and have 64 ms and 80 ms target inter-packet delays respectively.
Table 2: Simulation scenarios

	Scenario
	TTI (ms)
	QoS Inter-packet delay (ms) 
	Extended Max ReTx
	Number HARQ Process
	Effective Inter-packet Delay (ms)

	1
	2
	64
	1
	8
	16

	2
	2
	64
	4
	8
	64

	3
	2
	64
	5
	6
	60

	4
	2
	64
	8
	4
	64

	5
	2
	80
	10
	4
	80

	6
	2
	80
	13
	3
	78

	7
	10
	64
	1
	4
	40

	8
	10
	80
	2
	4
	80


Plots of BLER against E-DPDCH Ec/Io for all scenarios are shown in Figure 1 and Figure 2 for Ped-A (3 kmph) and Veh-A (30 kmph) respectively.  The E-DPDCH Ec/Io and throughput at 1% BLER are summarised in Table 3.
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Figure 1: BLER vs E-DPDCH Ec/Io (Ped-A 3 kmph)
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Figure 2: BLER vs E-DPDCH Ec/Io (Veh-A 30 kmph)

In Ped-A (Figure 1), for target inter-packet delay of 64 ms, it is observed that Scenario 2 (2 ms TTI, 4 transmissions) performed better than Scenario 7 (10 ms TTI, 1 transmission) even though the total transmission period on Scenario 2 is less than that in Scenario 7.  When extended HARQ is applied as in Scenario 3 and Scenario 4, there is a gain of 1.6 dB and 4 dB at 1% BLER (Table 3) over Scenario 7.  To meet the 64 ms inter-packet delay target, 10 ms TTI operation is unable to perform two HARQ transmissions.  For this type of situation, a significant gain can be obtained using extended HARQ transmissions.  For a target inter-packet delay of 80 ms in Ped-A, it is observed in Figure 1 that Scenario 5 (2 ms TTI, 5 transmissions) and Scenario 8 (10 ms TTI, 2 transmissions) have similar performances at 1% BLER.  However, Scenario 6 (2ms TTI, 13 transmissions) shows a 1.4 dB gain over Scenario 8.
Comparing Veh-A in Figure 2 to Ped-B in Figure 1, the performance in Veh-A is generally better since the higher mobile speed in the Veh-A simulations gives higher time diversity gain than in the Ped-A case.  Unlike Ped-A, the performance of Scenario 2 (2 ms TTI, 4 transmissions) is poorer than that of Scenario 7 (10 ms TTI, 1 transmission).  However, in Veh-A, with extended HARQ transmissions as in Scenario 3 and Scenario 4, it is shown in Table 3 that there are gains of 0.6 dB and 3.2 dB at 1% BLER respectively over Scenario 7.  Similarly to the Ped-A case, when a target inter-packet delay that cannot be served by 2 HARQ transmissions of 10 ms TTI, significant gain can be achieved using 2 ms TTI extended HARQ.  For a target inter-packet delay of 80 ms in Veh-A, Table 3 shows that Scenario 5 (2 ms TTI, 5 transmissions) and Scenario 6 (2 ms TTI, 13 transmissions) have gains of 0.3 dB and 1.7 dB respectively over Scenario 8 (10 ms TTI, 2 transmissions).
Table 3: Simulated results at 1% BLER

	Scenario
	TTI/ HARQ Tx/ HARQ Process
	Ped-A (Results at 1% BLER)
	Veh-A (Results at 1% BLER)

	
	
	E-DPDCH Ec/Io (dB)
	Throughput (kbps)
	E-DPDCH Ec/Io (dB)
	Throughput (kbps)

	1
	2 ms/ 1 Tx/ 8 Process
	-4.1
	175
	-7.1
	175

	2
	2 ms/ 4 Tx/ 8 Process
	-13
	100
	-16.1
	61.5

	3
	2 ms/ 5 Tx/ 6 Process
	-14
	116
	-17.2
	68.7

	4
	2 ms/ 8 Tx/ 4 Process
	-16.4
	114
	-19.8
	62

	5
	2 ms/ 10 Tx/ 4 Process
	-17.6
	88
	-21.1
	48

	6
	2 ms/ 13 Tx/ 3 Process
	-19
	90.67
	-22.5
	50.7

	7
	10 ms/ 1 Tx/ 4 Process
	-12.4
	35
	-16.6
	35

	8
	10 ms/ 2 Tx/ 4 Process
	-17.6
	28
	-20.8
	21


The throughput at 1% BLER for each scenario is also summarised in Table 3.  For 64 ms target inter-packet delay, in Ped-A, in addition to coverage gain using extended HARQ transmission, the throughputs at 1% BLER (Scenario 3 & Scenario 4) are more than three times that of Scenario 7 (10 ms TTI, 1 transmission).  This is due to early termination of HARQ transmissions in 2 ms TTI.  This is also true for the 80 ms target inter-packet delay, where Scenario 5 & Scenario 6 have more than 3 times the throughput of that in Scenario 8 (10 ms TTI, 2 transmissions).
In Table 3, for 64 ms target inter-packet delay in Veh-A, it is shown that Scenario 3 & Scenario 4 throughputs at 1% BLER are almost twice that of Scenario 7 (10 ms TTI, 1 transmission).  For 80 ms target inter-packet delay in Veh-A, the throughputs at 1% BLER for Scenario 5 & Scenario 6 are more than twice that in Scenario 8 (2 ms TTI, 2 transmissions).
4          Conclusion

In previous RAN1#57-bis meeting [7] there was no agreement whether the gains on existing methods justify the additional complexity required to extend the coverage of 2 ms TTI HSUPA.  However, in this T-doc link level simulations show that it is possible to achieve a gain in link budget and cell edge throughput (up to a factor of 3) compared to 10 ms TTI operation, by increasing the number of HARQ retransmissions while reducing the number of HARQ processes, without increasing the overall delay.  Given this, we propose that:
Proposal 1: For 2 ms TTI coverage extension, increase the number of HARQ retransmissions while reducing the number of HARQ processes.
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