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1 Introduction

HSDPA feature was introduced in Rel-5 and it further improves downlink performance compared to DCH channels. In HSDPA, multiple stop-and-wait HARQ processes are normally used, that means when one HARQ process is waiting for an acknowledgement, another process can use the channel to send some more data.
Currently in the MAC specification, the UE may or may not discard a MAC-hs/ehs PDU if the PDU is received within 5 sub-frames from the reception of the previous MAC-hs/ehs PDU intended for this HARQ process.
For this transmission scenario, we think it may be beneficial for the UE to handle this type of MAC-hs/ehs PDU in order for better downlink coverage. At RAN2#87 meeting, we had a discussion paper ([1]) on this topic but not treated. This paper continues to discuss this enhancement.
2 Discussion

2.1 Improved HARQ retransmission

As shown in the following figure, for downlink data transmission for HSDPA, the network selects an HARQ process to transmit a MAC-hs/ehs PDU, and then the UE responds with a ACK or NACK (NACK in the figure) after a certain time. The network will transmit a new MAC-hs/ehs PDU or perform retransmission depends on the feedback information from the UE.

The network can configure multiple HARQ processes in order for continuous transmission, and this is called multiple stop-and-wait HARQ processes.
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Figure 1: multiple HARQ processes
As shown in the figure below, the network schedule a MAC-hs/ehs PDU on process #1, and then it schedules a MAC-hs/ehs PDU also on process #1 in the consequent sub-frame. In this case, the UE may discard the second PDU, or the UE will handle the second PDU as a normal PDU and later it generates a feedback to the network. This rule is already captured in 11.6.2.2 HARQ process in the TS 25.321 ([2]).
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Figure 2: a MAC PDU may be discarded in a certain situation
The above UE behaviours are implementation related. However, if the UE could decode MAC-hs/ehs PDUs within multiple consequent sub-frames, benefit on latency can be seen. Especially for SRB over HSPA, the transmission of signalling can be further improved.
For example, a MAC-hs/ehs PDU is transmitted for three times (two retransmissions), so the total transmission time is 18 TTIs.
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Figure 3: a MAC PDU with three transmissions
If improved HARQ retransmission is applied, the network will schedule a MAC-hs/ehs PDU with the same TSN in consequent sub-frames (e.g. three transmissions in three sub-frames). At the UE side, it decodes each MAC-hs/ehs PDU as a normal data and generates feedbacks for them.
If the network receives one ACK from the UE, the network will consider the MAC-hs/ehs PDU to be a successful transmission. In addition, if there is no ACK received, the network could decide to continue improved HARQ retransmission.
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Figure 4: improved HARQ retransmission
2.2 Preliminary simulation result

Regarding improved HARQ retransmission, we have had preliminary simulation (lab test) and the simulation parameters are shown in section 5.
In this scenario, there are 2 cells and 15 UEs, and all UEs are capable of improved HARQ retransmission. For each UE, SRB is configured over HSPA and all UEs are kept moving so that serving cell change will happen frequently. When the serving cell change signalling fails in the downlink, i.e. all HARQ transmissions fails, a call drop is thus recorded.
Here two cases are simulated. For the first case, all UEs perform HSDPA reception as legacy way, and for the second case, all UEs perform improved HSDPA reception. The result is shown as below.
	
	Simulation time
	Call drop number

	Legacy HARQ retransmission
	1 hour
	107

	Improved HARQ retransmission
	1 hour
	15

	Gains
	
	Around 85% call drops are avoided


From the above result, the gain is significant because there are more HARQ retransmission opportunities, so the signalling transmission performance is improved.
2.3 RAN impact due to improved HARQ retransmission
Regarding this improvement, we list the potential RAN impact.

RAN1:

No.

RAN2:

TS 25.321: the text is to be updated in order to support the improvement
RAN3:

There may be a need for the RNC to inform the Node B of improved HARQ retransmission.
In general, the RAN impact is quite minimal.
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 improved HARQ retransmission can be considered only for CELL_DCH state.

Proposal 1: It is proposed RAN2 to agree on improved HARQ retransmission mechanism for a CELL_DCH UE from Rel-12.
For this enhancement, there is a need to introduce a new capability to indicate whether a Rel-12 UE supports or not.

Proposal 2: It is proposed RAN2 to introduce a new capability for improved HARQ retransmission for HSDPA from Rel-12.
From RAN3 point of view, if a UE capable of improved HARQ retransmission is accessing, there is a need for the Node B to know this information in order for scheduling decision.

Proposal 3: If proposal 1 is agreed, it is proposed RAN2 to send an LS to RAN3 for their work on specifications.
3 Conclusion

In this paper, we provide our analysis on improved HARQ retransmission, including the motivation, performance analysis and RAN impact. We see that this improvement is valuable for downlink HSDPA transmission and especially for SRB over HSPA, so it is proposed:

Proposal 1: It is proposed RAN2 to agree on improved HARQ retransmission mechanism for a CELL_DCH UE from Rel-12.
Proposal 2: It is proposed RAN2 to introduce a new capability for improved HARQ retransmission for HSDPA from Rel-12.
Proposal 3: If proposal 1 is agreed, it is proposed RAN2 to send an LS to RAN3 for their work on specifications.
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5 Simulation parameters
Table 1: System simulation parameters for improved HARQ performance evaluation
	Parameters
	Values and comments

	Carrier Frequency
	2100 MHz

	Carrier Spacing
	5MHz 

	Cell Layout
	2 cell

	Inter-site distance
	500 m

	Number of UEs
	15

	Dropping criteria for UEs
	RSCP= -80dbm

	RoT
	6dB

	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

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of Node B
	43dBm

	Max BS Antenna Gain
	14dBi

	Max UE Antenna Gain
	0dBi

	Node B Noise Figure
	5 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

	HS-DSCH
	Up to 14 SF 16 codes per carrier for HS-PDSCH

Total available power for HS-PDSCH is 75% (SIMO) of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, HS-SCCH power upper limitation 16%.

HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority. 

UL HARQ operating point: 1% residual BLER after 4th transmission

	Number of HARQ processes
	6

	Maximum retransmission number for improved HARQ mechanism
	3

	Maximum retransmission number for legacy HARQ mechanism
	4

	HS-SCCH code number
	4

	Total overhead power
	20% (SIMO)

	UE Receiver
	Type 3 (LMMSE 2-rx); 

	Soft Handover
	Consideration Scenarios with SHO

	CIO
	0 dB

	Max active set size
	3

	HARQ Operating Points
	UL: 1% Residual BLER after 4th transmission

DL: 10% BLER after 1st transmission

	Network Configuration
	SIMO

	UE speed  [km/h]
	30km/s

	UE movement
	Moving between 2 cells

	Event 1A, 1B Reporting Range [dB]
	1A 4, 1B 6

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

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

	Event 1A, 1B Maximum Network Delay [ms]
	100 for SRB over HSPA

	Event 1D Time To Trigger [ms]
	640

	Event 1D Hysteresis [dB]
	2

	Event 1D Maximum Network Delay [ms]
	100 for SRB over HSPA

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

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

	Uplink TTI type
	2ms TTI

	Event 1A, 1B W parameter
	0
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