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1 Introduction

At the RAN2#88 meeting, the improved HARQ mechanism was discussed (in [1]). This document further discusses the improved HARQ retransmission mechanism, and the simulation results are also provided.
2 Discussion

2.1 Background and motivation
In case of SRB over HSPA (SRBoH for short), there is no downlink transmission diversity, and the coverage is smaller than SRB over DCH. In poor coverage area, the RRC signalling transmission failures may increase for SRBoH, so more call drops may happen.

In addition, if more retransmissions are needed when UE is in cell edge, the user experience may not be so good for the transmission delay sensitive service.
2.2 Analysis
Currently the network can configure multiple HARQ processes for continuous transmission for HSDPA, and there is a fixed HARQ timing between the HS-PDSCH and HS-DPCCH. This is legacy HARQ retransmission mechanism (LHR for short).
In figure 1, if the network schedules an initial MAC PDU on process#1 and then sends a retransmission also on process#1 in the consequent sub-frame, the UE may discard the second PDU. Normally the network will transmit a new MAC PDU or perform retransmission depends on the feedback information from the UE after at least 5 sub-frames (i.e. 10 ms) from the initial data transmission.
This rule has already been captured in 11.6.2.2 HARQ process in the TS 25.321 ([2]).
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Figure 1: a MAC PDU may be discarded in a certain situation

Theoretically, one HARQ retransmission could contribute 3db gain and the AMC gain could also be expected.

Currently, in order for better retransmission performance, it may be an alternative to consider increasing the power for HS-DSCH transmission(s). For UEs in cell edge, the reported CQIs are normally bad, so the power limited cases will happen frequently. In addition, if there are other UEs which are in data transmission with good radio condition (e.g. in cell centre), the power efficiency may not be high if the available power is allocated for cell edge UEs for retransmission(s).
2.3 Solution

When the improved HARQ retransmission (IHR for short) is enabled, the network will schedule a MAC-hs/ehs PDU with the same TSN in less than 5 TTIs after the initial transmission. This is shown in figure 1 and there are 2 retransmissions following the initial transmission.
At the UE side, if the New Data Indicator is identical to the value used in the previous received transmission in the HARQ process, it combines the received data with the data in the soft buffer for this HARQ process and generates feedbacks for them. Since the UE may be required to send the feedback for continuous sub-frames, the Ack-Nack repetition factor should be set to 1 correspondingly.
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Figure 2: A MAC PDU with IHR mechanism (3 transmissions)
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Figure 3: A MAC PDU with IHR mechanism (3 transmissions+3 transmissions)

In figure 2, for each initial transmission, the network only schedule two retransmissions following the initial transmission. In figure 3, if there is no ACK received after all the three continuous transmissions, the network could decide to continue the next three continuous HARQ retransmission based on HARQ timing. Later, if the network receives at least one ACK from the UE, the network will consider the MAC-hs/ehs PDU had been successful transmitted.
For IHR mechanism, there will be more and earlier HARQ retransmissions compared to the legacy way within a certain period, so both the robustness and latency could be improved. In this mode, the user experience is guaranteed if delay sensitive service is considered.
So far, HSDPA operation with HARQ feedbacks can be available in CELL_DCH state and CELL_FACH state. For CELL_DCH state, the signalling is seen to be frequent so that the signalling robustness is important, and it is not exactly aligned with CELL_FACH state because a user may not stay very long in CELL_FACH state. So we think the IHR mechanism can be considered only for CELL_DCH state.

3 Simulation results
In Annex, simulation assumptions and the bursty mode are provided (Table 3 and Table 4). During the simulation, Call duration is 50s, if UE call drop during the call duration, it does not initiate new call any more. The IHR mechanism is only applied to the UE with bad radio condition.
Figure 4 and figure 5 are from a detailed call drop case from the simulation results. In figure 3, the radio conditions of both the serving cell and the target cell are given. From the simulation time 25.999s, event 1D is triggered and reported at the UE side, and later at the simulation time 26.099s, the Node B starts transmitting the handover message (Physical Channel Reconfiguration).
Figure 5 is a figure of partial enlargement of figure 4 (from the simulation time 26.095s), the blue curve is for LHR mechanism and the red curve is for IHR mechanism. As shown in this figure, for blue curve, after the initial transmission (1st Tx), the UE responds with NACK in uplink, and then the Node B performs retransmission. However, the UE will not receive the following retransmissions anymore because the radio condition worsens very quickly at the retransmission time. For red curve, after the initial transmission (1st Tx), the Node B schedules two continuous retransmissions (2nd and 3rd Tx). Even if the initial transmission fails, the second transmission is still successful.
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Figure 4: Ec/No trend of one call drop in case of UE speed 60km/h
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The system performance evaluation metrics are as below:
· Call drop ratio: defined as call drop number/call number during the call duration, and the call duration is 50s. If the UE suffers radio link failure, a call drop is recorded.
· 5% DL throughput: defined as the ratio between the data burst size in bits and the time the burst spent in the system.
· Average successful transmission time: for a handover message, defined as the transmission time from the time the Node B has sent the initial transmission till the time it receives the HARQ-ACK.
In this simulation, there are two basic modes, the legacy mode and improved HARQ retransmission mode. For the former mode, LHR is always used; and for the latter mode, the network can only decide to enable IHR if the UE is bad radio condition, e.g. based on the CQI reported by the UE. In addition, we also provide more modes for improved HARQ retransmission, e.g. based on different numbers of retransmissions.
As comparison, we also provide the results for increased power for HS-DSCH transmission mode, and the network can only decide to enable this mode if the UE is bad radio condition, e.g. based on the CQI reported by the UE. In this mode, the HS-SCCH power is allocated based on the CQI reported by the UE (as shown in simulation assumptions). For HS-PDSCH, the power is firstly decided through the method used in the legacy mode, and then there is at most 3 dB power assigned if there is available power in the cell. This mode is applied to both the initial transmission and retransmission cases.
In table 1, it can be seen that the call drop ratio is improved by IHR, and it applies in both 30 km/h and 60 km/h cases. The average successful transmission time is also reduced and the reason can be found in the explanation for figure 4. In addition, for 5% DL throughput, there is a very small difference between LHR and IHR mechanisms so that there is limited impact regarding the system capacity.
Table 1: Call drop ratio for 30 and 60 km/h
	UE speed (km/h)
	HARQ mode
	Call drop ratio (%)
	Average successful transmission time (ms)
	5% DL throughput (kbps)

	30
	LHR (5)
	0.31%
	11.26
	395

	
	IHR (4)
	0.00%
	8.18
	382

	
	Gains
	-0.31%
	-27.35%
	-3.29%

	60
	LHR (5)
	4.01%
	16
	350

	
	IHR (4)
	2.47%
	10.7
	347

	
	Gains
	-1.54%
	-33.12%
	-0.85%


Note 1: For the number in LHR or IHR, it can be found in "Table 3: Simulation assumptions"
Note 2: For gains on call drop ratio, it is calculated as (call drop ratio for IHR – call drop ratio for LHR); for gains on average time and 5% DL throughput, it is calculated as (value for IHR – value for LHR) / value for LHR
In table 2, if the network only perform x transmissions (x is 2, 3 or 4), the call drop ratio will be lower if there are more transmissions. If the network perform x+y transmissions, the call drop ratio will be further reduced, e.g. 4.32% for IHR (2) and 2.78 for IHR (2+2).
For increased power for HS-DSCH transmission mode, the call drop ratio is lower than the IHR (2) mode, but higher than all other IHR modes. In the simulation, most of call drops happen in bad radio condition, and the network may not have available power for HS-DSCH transmission(s), so the effect is compromised. In addition, from system point of view, the power boosting may lead to more interference in the downlink.
Table 2: Call drop ratio for different HARQ retransmission numbers (60 km/h)
	
	IHR (2)
	IHR (2+2)
	IHR (3)
	IHR (3+3)
	IHR (4)
	Increased power for HS-DSCH transmission (at most 3 dB)

	Call drop ratio (%)
	4.32%
	2.78%
	2.48%
	2.16%
	2.47%
	3.70%


Note: For the number in LHR or IHR, it can be found in "Table 3: Simulation assumptions".
Based on the above results, we have the following conclusions:
· The IHR mechanism could improve call drop ratio when UE radio condition worsens quickly, e.g. serving cell change. The HARQ transmission time can be also reduced because the retransmission can be early in IHR mechanism
· For IHR mechanism, there is limited impact to the system capacity 
· If there are more than 2 transmissions for IHR mechanism, the call drop ratio is better than increasing power for HS-DSCH transmission (at most 3 dB)
· For IHR mechanism, call drop ratio varies with different retransmission number, and the drop ratio will be lower if there are more transmissions
Proposal: It is proposed RAN2 to discuss and agree the improved HARQ retransmission in CELL_DCH.
4 Conclusion

In this paper, we provide our analysis and the simulation results regarding improved HARQ retransmission mechanism. It is observed that there is significant gain if IHR is enabled and there is limited impact to the system capacity. So it is proposed:

Proposal: It is proposed RAN2 to discuss and agree the improved HARQ retransmission in CELL_DCH.
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6 Annex
Table 3: Simulation assumptions
	Parameters
	Values and comments

	Number of sites/sectors 
	9/27

	Number of UEs per sector
	6

	Inter-site distance 
	500 m

	Dropping criteria for UEs 
	Random

	Scenarios 
	Outdoor

	Path Loss 
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
(outdoor) 
	Standard Deviation: 8dB

	Antenna pattern 
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3GPP ant (2D ant) 

                                                                            = 70 degrees, Am = 20 dB
   UE: omni-directional 

	Channel Model 
	VA30, VA60

	Penetration loss 
	10 dB

	Maximum UE EIRP 
	24 dBm

	Maximum Tx Power of Node B 
	43 dBm

	Max BS Antenna Gain 
	14 dBi

	Max UE Antenna Gain 
	0 dBi

	UE Noise Figure 
	9 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH
Total available power for HS-PDSCH is dynamic of Node B Tx power, with HS-SCCH transmit power controlled.
HS-SCCH power is allocated based on the CQI reported by the UE.

	Number of HARQ processes 
	6

	Maximum transmission number for LHR mechanism
	5 (described as below)
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	Transmission number for IHR mechanism 
	2, 2+2, 3, 3+3, 4 (described as below)
For 2, there are only totally 2 transmissions (including the initial and the following retransmissions), and it is the same for 3 and 4 modes. (described as below)
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For 2+2, there are 2 transmissions (including the initial and the following retransmissions), and if there is no ACK received, there will be 2 retransmissions. It is the same for 3+3 case.
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	Maximum RLC retransmission number in the downlink
	32

	UE Receiver 
	Type 3

	Max active set size 
	3

	UE speed [km/h]
	30, 60

	UE movement 
	Random
(A UE is initially dropped at a random position, and later it selects a direction and moves in a straight line at a constant speed) 

	Event 1A, 1B Reporting Range [dB] 
	1A: 3, 1B: 6

	Event 1A, 1B, 1C,1D Time To Trigger [ms] 
	1A: 320, 1B: 640, 1C: 320, 1D: 640

	Event 1A, 1B, 1C, 1D Hysteresis [dB] 
	1A: 0, 1B: 0, 1C: 2, 1D: 2

	Event 1A/B/C/D Maximum Network Delay [ms] 
	100 for SRB over HSPA
(The interval between the time the RNC receives a measurement report for handover till the time the Node B receives the handover message)

	Layer3 Filter Parameter K 
(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms) 
	3

	Event 1A, 1B W parameter 
	0

	Traffic model 
	Bursty

	Handover signalling size (byte) 
	30

	T313 (s)
	5

	N313/N315
	50/5


Table 4: Downlink bursty traffic model
	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.25 Mbytes
Std. Dev. = 0.0902 Mbytes

Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
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