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1. Introduction

Note: A draft version of this document was circulated on the RAN WG1 email reflector on 15th October 2002.

In [1] we presented a scheme for reducing the power requirement for the HSDPA hybrid ARQ ACK/NACK transmissions on the HS-DPCCH and helping to ensure that the error rate requirements are met. Further simulation results were presented in [2], and some small improvements were made in [3] following some helpful comments.

In this document we present a further small improvement to this scheme in the light of comments raised during the email discussion, and we provide a detailed summary of the scheme. 

2. Further improvement following email discussion

According to the original scheme, some extra NACKs are transmitted on the HS-DPCCH in sub-frames which would not otherwise contain an ACK or NACK, in order to avoid the Node B having to distinguish between DTX and ACK in a single slot. This reduces the detection threshold offset which is required at the Node B, and results in a significant reduction in the required HS-DPCCH power. 

During the email reflector discussion, some concerns were raised as follows:

1. For the case of consecutive packet transmission, the original scheme did not allow the Node B to distinguish between the UE having failed to detect the HS-SCCH signalling and the UE having detected the HS-SCCH signalling but failed to decode the HS-DSCH packet. It was suggested that this could increase the packet energy required with full IR where only the first transmission is self-decodable (although in the case of so-called partial IR, where at least one of the subsequent retransmissions also contains the systematic bits, or in the case of Chase combining, this should not be a problem).  

2. For certain specific sequences of packet transmission, the full gain of the scheme was not achievable. 

In order to solve these two potential problems, we propose that the “preamble” NACK, which is transmitted when the UE detects HS-SCCH control information, and the “postamble” NACK, which is transmitted after a hybrid ACK/NACK if a packet is not detected in the next subframe, should be modified to enable them to be distinguished from normal NACKs, as follows:

ACK:








+1 +1 +1 +1 +1 +1 +1 +1 +1 +1

NACK:







-1 -1 –1 –1 -1 –1 -1 -1 –1 -1

PREAMBLE (”POST”): 


-1 -1 +1 –1 -1 +1 -1 -1 +1 -1
POSTAMBLE (”PRE”):


-1 +1 –1 –1 +1 –1 -1 +1 –1 –1

According to this modification, a much greater Euclidian distance is still maintained between the preamble/postamble and ACK (total distance 14) than between DTX and ACK. This enables most of the benefit from Node B threshold reduction to be maintained. In addition to this, there is now a distance 12 between the preamble and the postamble, and a distance of 6 between the preamble/postamble and NACK. 

This means that it is now possible to use this scheme with full IR and distinguish between failure to detect the HS-SCCH and failure to decode the HS-DSCH packet. 

In addition, the CQI can be used to improve the reliability of identifying whether the UE has detected the HS-SCCH:  if a high CQI value is reported, it is likely that the HS-SCCH was detected, but if a low CQI value is reported, it may be more likely that the HS-SCCH was not detected. 

If NACK is wrongly received as POST or PRE, the only potential side-effect if “full” IR is used is that the previous redundancy version would be retransmitted instead of transmitting a new redundancy version. The effect of this should be very small, as, unlike with the original scheme, no systematic bits would be lost. 

For those cases where this scheme is not needed (e.g. very slow speeds in non-SHO), this scheme can be disabled by higher layers (using the parameter “DTX_mode”).  This will minimise uplink interference.  

3. Detailed summary of improved scheme

a)  With single ACK/NACK transmission (i.e. N_acknack_transmit = 1)

For simplicity, we begin by considering the case when N_acknack_transmit = 1, as shown in Figure 1.
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Figure 1:  Scheme operation when N_acknack_transmit = 1

The two parts of this scheme are as follows:

· When the UE detects control information for it in sub-frame N on the HS-SCCH, the UE transmits a preamble (PRE) in sub-frame N-1 on the HS-DPCCH (unless an ACK/NACK/POST is to be transmitted in sub-frame N-1 as a result of a packet in an earlier sub-frame on the HS-DSCH); 

· After decoding the HS-DSCH packet and transmitting the hybrid ARQ ACK/NACK in sub-frame N on the HS-DPCCH, if the UE's InterTTI capability is 1 the UE transmits a postamble (POST) in sub-frame N+1 on the HS-DPCCH (unless a packet is detected in sub-frame N+1 on the HS-DSCH, in which case ACK/NACK is sent, or HS-SCCH control information is detected in subframe N+2, in which case PRE is sent).  

(Note that if the UE's InterTTI capability is > 1, there is no need to transmit the POST in sub-frame N+1, because an HS-DSCH packet could not be received in sub-frame N+1 on the HS-DSCH.)

In sub-frames N+2 onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

To help understanding, an alternative view of the operation of the scheme, describing the same functionality, is given in the State Diagram in Figure 2. The labels on the arrows show the signal which is sent when the given state transition occurs. 
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Figure 2:  State Diagram of improved scheme for reducing UL signalling power requirement

b)  With repetition of ACK/NACKs (i.e. when N_acknack_transmit > 1)

Now we consider the case when N_acknack_transmit > 1, as shown in Figure 3 for the example of N_acknack_transmit = 3. 
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Figure 3:  Scheme operation when N_acknack_transmit > 1 (3 in this example)

Two slight modifications are made compared from the behaviour when N_acknack_transmit = 1:

· When the UE detects control information for it in sub-frame N on the HS-SCCH, the UE transmits a PRE in sub-frame N-2 as well as sub-frame N-1 on the HS-DPCCH (unless an ACK/NACK is transmitted in these sub-frames as a result of an earlier packet on the HS-DSCH); 

(Note that the UE never transmits a PRE earlier than sub-frame N-2 in response to detecting control information on the HS-SCCH even if N_acknack_transmit = 3 or 4).

· After decoding the HS-DSCH packet the UE transmits the hybrid ARQ ACK/NACK in sub-frames N to N+N_ack_transmit-1 on the HS-DPCCH (as currently specified).
· If  the UE's InterTTI capability is ( N_acknack_transmit then the UE  does the following:
· transmit a HARQ Postamble (POST) in the slot allocated to HARQ-ACK in HS-DPCCH subframe n + 2*N_acknack_transmit – 1, unless an ACK, NACK or PRE is to be transmitted in this subframe, and
· if N_acknack_transmit > 1, transmit a HARQ Postamble (POST) in the slot allocated to HARQ-ACK in HS-DPCCH subframe n + 2*N_acknack_transmit – 2, unless an ACK, NACK or PRE is to be transmitted in this subframe. 

Note that no more than two POST’s may be transmitted following detection of control information on the HS-SCCH, DTX being used in when there is nothing to send in the intervening sub-frames, as shown in the example in Figure 3.

In sub-frames N+2*N_acknack_transmit onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

In Annex A, we provide some specific examples to illustrate the operation of the improved scheme and to show that potential concerns over previously-identified “problem” packet sequences are now avoided.

In Annex B we show the proposed transmission sequences for some examples in the cases of N_acknack_transmit = 2 and 3.

Simulation results for the improved scheme are presented in [4].

4.  Conclusions

In this paper we have presented an improvement to the proposed scheme for improving the HS-DPCCH performance using preamble and postamble transmissions. This solves the potential issues which had been raised during then email reflector discussions regarding full IR and certain specific packet sequences.  We have also explained the operation of the scheme in detail.

Draft CRs for this scheme are included with this document in the zip file. 

The CR for TS25.212 also covers an issue raised separately on the email reflector, that the mapping between ACK/NACK and the physical layer signals is not defined anywhere at present. 

The CR for TS25.214 is based on the current structure of section 6A.1.1 and has 3 main parts:

1. A new first paragraph is added in subclause 6A.1.1 to clarify the referencing of the different subframes on the HS-DSCH, HS-SCCH and HS-DPCCH (this change is not directly related to the scheme proposed in this paper, but it aims to reduce ambiguity in the whole subclause).

2. In the third paragraph, some sentences are added to describe the transmission of the HARQ preamble on detecting control information on the HS-SCCH.

3. Near the end of the subclause, a new paragraph is added to describe the transmission of the HARQ postamble after a hybrid ARQ ACK/NACK has been sent if a control information is not detected in the next sub-frame. 

In summary, this proposal aims to achieve the right balance between HS-DPCCH performance improvement for Release 5 and simplicity. 

Since the transmission of PRE/POST is enabled by higher layer signalling of the parameter DTX_mode, implementation of the scheme is optional at the Node B. 

The scheme is also fully compatible with other proposals for the HS-DPCCH.
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Annex A – Examples

We give here some specific examples to illustrate the operation of the improved scheme and to show that potential concerns over previously-identified “problem” packet sequences are now avoided. The main points addressed here are providing the Node B with the means to detect whether HS-SCCH was correctly received while at the same time reducing the peak power needed to reliably detect ACK’s.

Example 1: 

	
	Sub-frame 1
	Sub-frame 2
	Sub-frame 3
	Sub-frame 4
	Sub-frame 5
	Sub-frame 6
	Sub-frame 7

	Transmitted sequence at Node B
	No Packet
	No Packet
	Packet
	No Packet
	Packet
	No Packet
	No Packet

	UE transmission
	If UE detects both packets
	DTX
	PRE
	ACK/NACK
	PRE
	ACK/NACK
	POST
	DTX

	
	If UE only detects 1st packet
	DTX
	PRE
	ACK/NACK
	POST
	DTX
	DTX
	DTX

	
	If UE only detects 2nd  packet
	DTX
	DTX
	DTX
	PRE
	ACK/NACK
	POST
	DTX

	
	If UE detects neither packet
	DTX
	DTX
	DTX
	DTX
	DTX
	DTX
	DTX


It can be seen that the Node B never has to detect “HS-SCCH failure” based on one sub-frame alone. We now consider how easy it is to avoid confusing the cases where a packet is not detected with the packet having been correctly received:

If the UE fails to detect the first packet in the above sequence, the Node B can distinguish between DTX+DTX and PRE+ACK much more easily than between just DTX and ACK. If the UE fails to detect the second packet in the above sequence, the Node B can easily distinguish between POST+DTX and PRE+ACK.

This is further illustrated in the following trellis diagram:
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Figure 4:  Trellis Diagram for Example 1

Example 2: 

	
	Sub-frame 1
	Sub-frame 2
	Sub-frame 3
	Sub-frame 4
	Sub-frame 5
	Sub-frame 6
	Sub-frame 7

	Transmitted sequence
	No Packet
	No Packet
	Packet 1
	Packet 2
	Packet 3
	No Packet
	No Packet

	A
	If UE detects all packets
	DTX
	PRE
	ACK/NACK
	ACK/NACK
	ACK/NACK
	POST
	DTX

	B
	If UE only detects packet 1
	DTX
	PRE
	ACK/NACK
	POST
	DTX
	DTX
	DTX

	C
	If UE only detects packet 2
	DTX
	DTX
	PRE
	ACK/NACK
	POST
	DTX
	DTX

	D
	If UE only detects packets 1,2
	DTX
	PRE
	ACK/NACK
	ACK/NACK
	POST
	DTX
	DTX

	E
	If UE only detects packet 3
	DTX
	DTX
	DTX
	PRE
	ACK/NACK
	POST
	DTX

	F
	If UE only detects packets 1,3
	DTX
	PRE
	ACK/NACK
	PRE
	ACK/NACK
	POST
	DTX

	G
	If UE only detects packets 2,3
	DTX
	DTX
	PRE
	ACK/NACK
	ACK/NACK
	POST
	DTX

	H
	If UE detects no packets
	DTX
	DTX
	DTX
	DTX
	DTX
	DTX
	DTX


Again, we now consider how easy it is to avoid confusing the cases where a packet is not detected with the packet having been correctly received:

In case B above, for packet 2 a POST‑>ACK error rate of 0.01 can be achieved with less power than is required for a DTX->ACK error rate of 0.01 (which would be the case without this scheme).  For packet 3, the Node B can easily distinguish between POST+DTX and PRE/ACK/NACK+ACK. 

In case C above, for packet 1 the Node B can determine whether HS-SCCH was received by distinguishing between DTX+PRE and PRE+ACK. For packet 3, the Node B can distinguish between POST and ACK as for packet 2 in case B.

In case D above, for packet 3 the Node B can distinguish between POST and ACK as for packet 2 in case B and packet 3 in case C.

In case E above, for packet 1 the Node B can distinguish between DTX+DTX and PRE+ACK, and for packet 2 the Node B can distinguish between DTX+PRE and PRE+ACK.

In case F above, for packet 2 the Node B can distinguish between PRE and ACK in the same way as distinguishing between POST and ACK for packet 2 in case B and packet 3 in case C.

In case G above, for packet 1 the Node B can distinguish between DTX+PRE and PRE+ACK as for packet 2 in case E.

This is further illustrated in the following trellis diagram:
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Figure 5:  Trellis Diagram for Example 2

Example 3: 

	
	Sub-frame 1
	Sub-frame 2
	Sub-frame 3
	Sub-frame 4
	Sub-frame 5
	Sub-frame 6
	Sub-frame 7

	Transmitted sequence
	No Packet
	Packet 1
	Packet 2
	Packet 3
	Packet 4
	No 

Packet
	No 

Packet

	A
	If UE detects all packets
	PRE
	ACK/NACK
	ACK/NACK
	ACK/NACK
	ACK/NACK
	POST
	DTX

	B
	If UE only detects packets 1,4
	PRE
	ACK/NACK
	POST
	PRE
	ACK/NACK
	POST
	DTX


In case B above, for packet 2 the Node B can distinguish between POST and ACK as for packet 2 in example 2 / case B, and for packet 3 the Node B can distinguish between POST+PRE and PRE+ACK.

Example 4: 

	
	Sub-frame 1
	Sub-frame 2
	Sub-frame 3
	Sub-frame 4
	Sub-frame 5
	Sub-frame 6
	Sub-frame 7

	Transmitted sequence
	No Packet
	Packet 1
	Packet 2
	Packet 3
	Packet 4
	Packet 5
	No 

Packet

	A
	If UE detects all packets
	PRE
	ACK/NACK
	ACK/NACK
	ACK/NACK
	ACK/NACK
	POST
	DTX

	B
	If UE only detects packets 1,5
	PRE
	ACK/NACK
	POST
	DTX
	PRE
	ACK/NACK
	POST


In case B above, for packet 3 the Node B can distinguish between POST+DTX and PRE+ACK.

Annex B – Examples of Transmission Sequences for N_acknack_transmit>1

N_acknack_transmit=2, packet detected in subframe N and not N+2 to N+5
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N_acknack_transmit=2, packet detected in subframe N and N+3 (and not N+2)
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N_acknack_transmit=2, packet detected in subframe N and N+4, not in N+2 or N+3
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N_acknack_transmit=2, packet detected in subframe N and N+5, not in N+2, N+3, N+4
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N_acknack_transmit=3, packet detected in subframe N and not N+3, to N+7
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N_acknack_transmit=3, packet detected in subframe N and N+3
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N_acknack_transmit=3, packet detected in subframe N and N+4, (and not in N+3)
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 N_acknack_transmit=3, packet detected in subframe N and N+5, (and not in N+3 or N+4)
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N_acknack_transmit=3, packet detected in subframe N and N+6, not in N+3 to N+5, 
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 N_acknack_transmit=3, packet detected in subframe N and N+7, not in N+3 to N+6,
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