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1. Introduction
During the summer period, the discussion of the definition of the timing of uplink HS-DPCCH subframe has been a topic almost as hot as the outside temperatures (even in Scandinavia). The discussion that was started on the RAN1 reflector was continued offline among the interested parties to save bandwith and also to avoid mailbox overflows. This document tries to summarize the discussion and proposes a solution that should solve the problem.

The problem is that the UE and Node B may not always end up with the same 'm' value for the offset between DPCCH and HS-DPCCH subframe, in the context of SHO. The problem comes from the fact that the UE may choose one of the downlink RL in the active set for its tracking and therefore, the UL DPCCH will be sent 1024 chip offset from this RL.
2. Problem with the current definition of 'm'

An example for the problem case is discussed in this section. Consider a UE in SHO, receiving two radio links of DPCH. One radio link is from the HS-DSCH serving cell and the other one is from a non-HS-DSCH serving cell. Assume that the UE tracks the non-HS-DSCH serving cell. We consider the case that the UE puts the non-HS-DSCH serving cell in the center of receiving window, which is ±148 chips wide.

Fig 1 shows in a simplified way two possible cases for the choice of 'm'.

In upper part of the figure, the HS-DSCH serving cell is received in the “earlier” part of the receiver window in the UE. Currently, 'm' is defined relative to timing of the HS-DSCH serving cell. Therefore, m is chosen as 6.

In lower part of the figure, HS-DSCH serving cell is received in the “latter” part of the receiver window in the UE. Then m is chosen as 7.

As one can see from this example, the position of HS-DSCH serving cell in UE's receiver window impacts the choice of 'm'. This brings two possible positions of 'm'. 

However, the Node B in the HS-DSCH serving cell does not have the information which value 'm' the UE chooses (based on the UE’s uplink TX timing relative to the RX timing of the SHO downlink radio links), as the HS-DSCH serving cell is not even aware of the fact that the associated DPCH is in SHO.
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Fig 1. Example for problems with the choice of 'm'

3. Approaches to solve this problem

Throughout the discussion, we considered various approaches, which are listed below for information. 

Proposal 1: The choice of 'm' is derived based on the current DPCH timing offset signalling.

Proposal 2: The UE always puts the HS-DSCH serving cell into the center of the UE receiving window.
Proposal 3: The choice of 'm' limited to round only to multiples of 512 instead of 256.

Proposal 4: The Node B detects the HS-DPCCH subframe timing from possible positions.

Proposal 5: The Node B is informed about the subframe timing through the UE's reported value of  Rx-Tx time difference.
After extensive discussion of the different approaches, we came to the conclusion that proposal 1 is the most suitable way forward. In the following, we focus on this approach only. The other approaches are described in Annex A for information.

4. Explanation of proposal 1

The choice of 'm' is derived based on the current DPCH frame timing
This proposal exploits already present signaling (DPCH frame offset) to derive a value of  'm' that is the same in UE and HS-DSCH serving Node B.
Fig.2 shows the detailed timing relation between the involved channels.
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Fig. 2 Timing relation between the involved channels.

At the Node B, the following timing relation is calculated. The start timing of Ack/Nack at the receiving Node B is defined as if the UE would put HS-DSCH serving Node B into the center of receiving window.


StartOfAck@NodeB = TTx-HS-PDSCH + 2560*3 + 2*(p + 19200


(UE minimum processing time requirement)
StartOfAck@NodeB = TTX-DL-DPCH + T0 + m*256 + 2*(p 



(Symbol alignment requirement)

( TDL-DPCH + T0 + m*256 + 2*(p  = TTx-HS-DSCH + 2560*3 + 2*(p + 19200

m*256  = TTx-HS-PDSCH + 2560*3 + 19200 – TTX-DL-DPCH - T0
m*256  = TTx-HS-PDSCH – TTX-DL-DPCH + 2560*3 + 19200 - 1024
m*256  = TTx-HS-PDSCH – TTX-DL-DPCH + 25850
Note that this method calculates a value of 'm' based on the assumption that the UE RX window is centred around the DL DPCH from the HS-DSCH serving cell.
The value of  'm' is then calculated as m = (TTX_diff*256 + 25856)/256                                  (1)
 
with TTX_diff  = (TTX-HS-PDSCH - TTX-DL-DPCH)/256 being the difference in multiples of 256chip between the TX (or RX) timing of the considered HS-PDSCH subframe and the start of the downlink DPCH frame, from HS-DSCH serving cell,  that contains the beginning of the HS-PDSCH subframe.

The start of the HS-DPCCH subframe that belongs to the HS-PDSCH subframe from (1) is m*256 chip after the start of the UL DPCH frame that corresponds to the DL DPCH frame from (1). This timing is kept, even if the UE RX window is not centred around the DL DPCH from the HS-DSCH serving cell.
The value of 'm' is only calculated by reconfiguration procedure by the higher layer signalling. So there are no modification in the timing relation between HS-DPCCH and UL-DPCH throughout the tracking process. Tracking changes the timing of whole HS-DPCCH and UL-DPCH at the same pace.
The proposed timing relation for HS-DPCCH is slightly changed from the current defintion. Fig. 3 illustrates this difference from current specification in an example. 
The minimum UE's processing time is (7.5 slots - 196 chips). 
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Fig 3. Example for difference in HS-DPCCH timing from the current specification
A numerical example is also shown in the following:

Assume the case of TTx-HS-DSCH - TDPCH = 3.5slot*2560 (this is the value used as example in Fig 2)

With this method both the UE and Node B derive m = (3.5slot*2560+25856)/256 (  m=136
With the current specification:

If the HS-DSCH serving cell is such that T'0 = 1024 + 90 chips (  m = 136 
If the HS-DSCH serving cell is such that T'0 = 1024 - 90 chips (  m = 137 
5. Conclusion

We propose that the value of 'm' is derived based on the DPCH frame timing offset, assuming that the UE centers the RX window around the DPCH from the HS-DSCH serving cell. It is further proposed that the timing is defined relative to the UL DPCH frame start belonging to the DL DPCH frame that contains the start of the related HS-DSCH subframe. A corresponding CR for this proposal is attached.

Annex. A: Description of other approaches
Proposal 2: The UE always puts the HS-DSCH serving cell into the center of the UE receiving window.

The proposal is to modify the UE behaviour that the UE tracks the DL DPCH from the HS-DSCH serving cell, as if no other DL DPCH was the active set. This method has three possible implementations. 

One is to place the HS-DSCH serving cell into the center of the receiving window immediately but Node Bs, especially non-HS-DSCH serving Node Bs, may lose the synchronization to UL DPCCH because the uplink DPCCH timing changes rapidly. 

The second implementation is to place the cell into the center of the receiving window slowly in the pace of 1/4 chip per 200ms. This delays the setup of an HSDPA connection until the UE has finished this adjustment, which is far too slow (in worst case it can take about 2 minutes). 
The third implementation is all the establishment of HSDPA requires synchronization procedure A in all cells in the active set. This solves the ambiguity but sometimes more establishment time is required.

Proposal 3: The choice of 'm' limited to round only to multiples of 512 instead of 256.

This proposal is to limit the choice of 'm' to round only to multiples of 512 instead of current 256 chip. This proposal works if k, the DPCH offset from CPICH expressed by multiple of 256, is even but when k is odd, there are still two possibilitities for the choice of 'm'. 

Proposal 4: The Node B detects the HS-DPCCH subframe timing from possible positions.

This proposal requires the Node B to detect the HS-DPCCH subframe timing out of possible values of the 'm'. This detection would be carried out only for new UEs in their first transmissions or when the DPCH timing is adjusted by higher layer signalling.
The detection of the timing could be done by Ack/Nack and/or CQI. In both methods, there are concerns of performance, especially as this would make the current situation with Ack/Nack performance in SHO even more difficult.

Proposal 5: The Node B is informed about the subframe timing through the UE's reported value of  Rx-Tx time difference.
In TS 25.215 section 5.1.10, there is a measurement defined for UE Rx-Tx time difference (between UL DPCH and a specified DL DPCH). Therefore if this measurement was made for the DL DPCH from the serving Node B, then reported to the network (and sent to the serving Node B by NBAP), then both the Node B and UE could use the same timing information for calculation of m.
This method works well as generally but there is the case that does not work well. There are in critical case less than 1 chip difference which would impact the choice of 'm'. There are the cases that the UE reports two old and new time difference between HS-DSCH serving cell and UE Tx timing because there are events such as active set update or to adjust its timing to a new reference cell. If both UE and Node B use same previous reported value, the choice of 'm' works well. But some delay in network may bring the situation that UE uses the last reported value and Node B uses next to last reported value.
Annex. B (Informative) “Tool” used to discuss this problem:

[image: image4.wmf]CPICH frame timing


3GPP TSG-RAN WG1 Meeting #28 
Tdoc R1-02-1076

Seattle, USA, 19 – 22 August 2002

CR-Form-v7

CHANGE REQUEST



(

25.211
CR
170
(

rev
-
(

Current version:
5.1.0
(




For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.



Proposed change affects:
(

UICC apps(


ME
x
Radio Access Network
x
Core Network




Title:
(

HS-DPCCH timing correction




Source:
(

Panasonic, Ericsson, Nortel




Work item code:
(

HSDPA-Phys

Date: (

2002-08-15







Category:
(

F

Release: (

Rel-5


Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
Use one of the following releases:
2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)




Reason for change:
(

The current definition of HS-DPCCH timing leads to differences of up to 3*256 chip between UE and Node B. UE and Node B have different HS-DPCCH timing.




Summary of change:
(

The HS-DPCCH timing is defined relative to the UL DPCCH frame timing based on parameters that are known both in UE and Node B and this timing relation is kept thereafter. 




Consequences if 
(

not approved:
HS-DPCCH correction is incorrect, leading to incorrect reception of feedback information in the Node B.




Clauses affected:
(

7.7





Y
N



Other specs
(


x
 Other core specifications
(



affected:

x
 Test specifications




x
 O&M Specifications





Other comments:
(



How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.

7.7
Uplink DPCCH/HS-DPCCH/HS-PDSCH timing at the UE
Figure 38 shows the timing offset between uplink DPCH, HS-PDSCH and HS-DPCCH at the UE. An HS-DPCCH sub-frame starts 
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 chips after the start of an uplink DPCH frame that corresponds to the DL DPCH frame from the HS-DSCH serving cell containing the beginning of the related HS-PDSCH subframe with m calculated as 
m = (TTX_diff(256 + 25856)/256.
TTX_diff  = (TTX_HS-PDSCH - TTX_DL-DPCH)/256 is the difference in multiples of 256 chips between the receive timing at the UE of the related HS-PDSCH subframe and the start of the downlink DPCH frame from the HS-DSCH serving cell that contains the beginning of the HS-PDSCH subframe.

UE and Node B shall only update the value m in connection to UTRAN reconfiguration of downlink timing. 
More information about uplink timing adjustments can be found in [5].
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Figure 38: Timing structure at the UE for HS-DPCCH control signalling
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