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1 Introduction
At RAN#67, it has been agreed to not reduce the NodeB processing time for the uplink feedback design for HSDPA MF-TX:
· The HS-DPCCH design for HSDPA Multiflow does not reduce the Node B processing time from HARQ-ACK to HS-SCCH for neither the assisting cell nor the cell being assisted, for both MIMO and non-MIMO cases.
At RAN#68, following agreements have been further reached:

· Single HS-DPCCH will be used for multiflow
· Multiflow cases 1-4 are supported for both single-stream and dual-stream MIMO 

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support single-stream MIMO with Multiflow

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support dual-stream MIMO with Multiflow

· No change in soft buffer per HARQ process
Under the context of the above agreement, we discuss the related solutions how the transmission timing of HS-DPCCH can be specified in this contribution.

2 Discussion
2.1  Baseline timeline from legacy releases  
From [1], the basic timeline observed at UE is summarized in Figure 1, from which a few remarks are noted with respect to the uplink transmission timing:
· The transmission timing reference for uplink physical channels is established by tracking the downlink DPCH or F-DPCH plus a constant offset ([image: image2.png]


). For multicarrier operation, only the downlink of the primary serving cell is tracked.
· The physical channels related to uplink data transmission, namely DPCCH/DPDCH or E-DPCCH/E-DPDCH, are all frame-aligned to the uplink timing reference.
· HS-DPCCH is transmitted with an offset of [image: image4.png]m X 256



 chips from the UL timing reference, where values of [image: image6.png]


 are derived from the offset ([image: image8.png]Trx giff



) between DPCH/F-DPCH and HS-DPSCH: 
[image: image9.png]Irx 2iff /256 + 101




· [image: image11.png]Trx giff



 can be derived from the DPCH frame offset parameter ([image: image13.png]


) that is sent to UE at RL establishment. Therefore, the values of [image: image15.png]


 is fixed as a constant after RRC configuration or reconfiguration.
· Fundamentally the HS-DPCCH transmission is intended to link in timing to reception of the HS-PDSCH. In fact, values of [image: image17.png]


 is such calculated that the HS-DPCCH is transmitted with 7.5 slot delay after the corresponding sub-frame of HS-PDSCH has been received.
· As result of such specified HS-DPCCH transmission timing, the UE and Node-B respectively have 7.5 and 4.5 slot budget for the HARQ processing. 

[image: image18.emf]subframe 1 subframe 0 subframe 3 subframe 2 subframe 0 subframe 4 subframe 2 subframe 1

subframe 1 subframe 0 subframe 3 subframe 2 subframe 0 subframe 4 subframe 2 subframe 1

ACK/

NACK

CQI/PCI

mx256 chips, m=T

TX_diff

/256+101

T

TX_diff

T

0

7.5 slots 4.5 slots

P-CCPCH(RX)

t

DPCH,n

HS-SCCH (RX)

HS-PDSCH (RX)

E-DPCCH/E-DPDCH (TX)

DPCCH/DPDCH (TX)

HS-DPCCH (TX)

ACK/

NACK

ACK/

NACK

DL DPCH/F-DPCH (RX)

UL TX timing reference

possible re-transmission

base timing reference point

2 slots


Figure 1, Timing diagram observed at UE
With introduction of multiflow transmission, the transmission timing specification and constraints described above may have to be modified for multiflow operation, especially with inter-NB deployment.
2.2 HS-DPCCH transmission when there is timing compression at UE 
In previous RAN1 meetings, two options of sub-frame pairing criterion have been presented from various contributions when a single HS-DPCCH is used for ACK/NACK feedback:
Maximum overlap pairing rule [3]

 REF _Ref310935578 \r \h 
[4]:
The HS-PDSCH sub-frames of two cells are paired if their overlap portion is no less than 1.5 slots. This pairing rule ensures that paired sub-frames have maximum overlap.  The maximum offset of the paired sub-frames is 1.5 slots, i.e.
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Fixed-relation pairing rule [5]:
The sub-frames of two cells are paired if they are overlapped and the sub-frame from primary cell arrives before the secondary (assistive) cell.  This pairing rule provides fixed sub-frame relation between two cells and the sub-frame offset can be as higher as 3 slots, as seen by 
[image: image20.wmf]slots

t

3

0

£

D

£


The difference of the two pairing rules is illustrated in Figure 2 when the same HS-PDSCH arrival time is observed at UE.
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  Figure 2, difference of the two pairing rules
These two pairing rules may end up with different transmission timing designs and UE behaviors, as will be seen in the following.
Maximum overlapping rule
Given the agreed working assumption that no processing time reduction is allowed at the Node-Bs of any cells, a possible way of maintaining sufficient timing budget at Node B when the maximum overlap pairing rule is used  is to adjust the different HS-PDSCH sub-frame relations as illustrated by the timing diagrams shown in Figure 3 and Figure 4.
In Figure 3, the HS-PDSCH of the primary serving cell is received first in the pair (i.e. 
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). With HS-DPCCH being transmitted according to the UL TX timing reference, it is seen that constraint of no processing time reduction at NW is well maintained and UE suffers time reduction by amount of 
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 when processing the HS-PDSCH frames for the secondary cell.  Since 
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, the maximum amount of UE budget reduction does not exceed 1.5 slots.
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Figure 3, HS-DPCCH transmission when primary HS-PDSCH sub-frame is ahead
When the HS-PDSCH received from the primary serving cell is lagging behind, i.e.,
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, the HS-DPCCH needs to be transmitted earlier with an adjustment at least by an amount of  
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.  Otherwise the processing time will have to be reduced at the Node B of the secondary cell. To keep code orthogonality, this timing adjustment has to be quantized such that the HS-DPCCH is aligned with other uplink physical cannels within a 256-chip boundary. A viable realization of the concept is to have value of m adjusted according to the quantized offset of the HS-DPSCH sub-frames:
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where 
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is expressed in term of number of chips and  
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represent ceiling function of x. Note that value of  m is adjusted only if the HS-PDSCH sub-frame of secondary cell is leading, as illustrated in Figure 4.  It is easy to validate that the HARQ processing budget at the Node Bs is not reduced and the timing reduction at UE is no more than 1.5 slots.
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Figure 4, Uplink transmission timing design with adjustable values of m
An alternative solution is to simplify 
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with only two values conditional on the downlink timing offset of the two cells:
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which corresponds to 0 and 1.5 slots of timing adjustment. Note that switch of 
[image: image35.wmf]m
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between the two values should be synchronized to the change of subframe pairing relation of the two cells if it ever occurs. This solution has the advantage of avoiding frequent change of transmission timing for HS-DPCCH when the two cells has variable timing relation due to possible network clock drift in inter-Node B deployment. The down side is, however, timing compression required at UE is not minimized.
The RRC signaling aspect and Node B behaviors in supporting the above timing solution have been discussed in a previous contribution [6].
Fixed-relation pairing rule
For the fixed-relation pairing option, the HS-DPCCH can be simply transmitted with reference to the UL TX timing reference without adjusting m, while still achieving the goal of no NB timing compression. The advantage of this solution is that the timing structure is not impacted on either UE or Node B for any operation related to the primary cell. But the expense is that the UE will suffer as much as 3 slot processing budget compression for secondary serving cell, because 
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 slots. This is illustrated in Figure 5. 
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Figure 5, HS-DPCCH transmission with the fixed-relation pairing option
2.3 HS-DPCCH transmission when additional HARQ process is allowed 
If additional HARQ process is allowed for data scheduling on the secondary cell, HS-DPCCH transmission timing design is straightforward. UE may simply take the fixed relation rule for subframe pairing, but with the difference that subframe of the secondary cell is now always leading, as shown in Figure 8. 
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Figure 8, Subframe pairing if secondary cell is allowed to have an additional HARQ process
Under such pairing rule, the overall timing budget is shown in Figure 9, where the HS-DPCCH is transmitted with reference to the primary serving cell according to the existing specification.  Due to the additional HARQ process, there is no need for a timing reduction at the UE or the NBs in any of the uplink timing cases.

[image: image39.emf]ACK/

NACK

4.5 slots

7.5 + Δt slots

7.5 slots

Δt

subframe 1 subframe 0 subframe 3 subframe 2 subframe 5 subframe 4 subframe 6

subframe 2 subframe 0 subframe 4 subframe 3 subframe 6 subframe 5 subframe 1 subframe 7

4.5 + 3-Δt slots

HS-PDSCH

from primary cell

HS-SCCH

from primary cell

HS-DPCCH

HS-PDSCH

from secondary cell

HS-SCCH

from secondary cell

paired 

subframes

DPCH/F-DPCH

from primary cell

T

0

UE transmission timing 

reference

mx256 chips, m=T

TX_diff

/256+101

CQI/PCI

min UE processing 

budget

min NB processing 

budget

more processing time 

at NB due to more 

HARQ processes


Figure 9, HS-DPCCH transmission timing for 7 HARQ processes in secondary cell

2.4 Summary
Under the constraint that no processing budget reduction at network is allowed, the transmission timing design for HS-DPCCH, is discussed respectively for the cases when the UE needs to deal with the necessary timing compressing or when additional HARQ processing is allowed for secondary cell.  Following table summarizes the proposed solutions. 
	Number of HARQ processes
	
	Maximum overlap pairing rule
	Fixed paring rule

	6
	Maximum UE processing budge reduction
	1.5 slots
	3 slots

	
	Specification of HS-DPCCH transmission timing
	Adjustable with respect to UL DPCCH 

(m value adjusted depending on the HS-PDSCH sub-frame offset of  two cells)
	Fixed with respect to UL DPCCH of primary cell, using existing specification 


	6 for primary cell

7 (additional HARQ process is allowed for secondary cell)
	Maximum UE processing budge reduction
	N/A
	None

	
	Specification of HS-DPCCH transmission timing
	N/A
	Fixed with respect to UL DPCCH of primary cell, using existing specification 


Without additional HARQ process, it is seen that the fixed-relation pairing scheme has significantly more UE timing reduction than the maximum overlap pairing scheme, while it is simple and straightforward in realization.  
According to the summary given above, following may be proposed for the cases when UE needs to deal with the timing compression:
Proposal 1:
RAN1 to discuss the two sub-frame pairing options and decide whether processing time reduction of 3 slots at UE is allowed for a tradeoff to design simplicity.
If time compression at UE is of primary concern and the maximum overlap pairing scheme is selected as way forward, RAN1 may further discuss the following proposal:

Proposal 2:
HS-DPCCH transmission timing in relation to UL timing reference is adjusted by 1.5 slots conditional on the timing relation of HS-PDSCH sub-frames of two cells. 
In cases that additional HARQ process is allowed for the assistive cell, the HS-DPCCH transmission may simply use the fixed relation rule for subframe pairing and follow the existing timing specification with reference to the primary serving cell.   
3 Conclusion
In this contribution, we have discussed various possible sub-frame pairing options and the resulting solutions for HS-DPCCH timing specification. 

Following is proposed for the cases when UE needs to deal with the timing compression:
Proposal 1:
RAN1 to discuss the two sub-frame pairing options and decide whether processing time reduction of 3 slots at UE is allowed for a tradeoff to design simplicity.
If time compression at UE is of primary concern and the maximum overlap pairing scheme is selected as way forward, RAN1 may further discuss the following proposal:

Proposal 2:
HS-DPCCH transmission timing in relation to UL timing reference is adjusted by 1.5 slots conditional on the timing relation of HS-PDSCH sub-frames of two cells. 

In cases that additional HARQ process is allowed for the assistive cell, the HS-DPCCH transmission may simply use the fixed relation rule for subframe pairing and follow the existing timing specification with reference to the primary serving cell.   
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