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1. Introduction

At the last meeting RAN1 #68bis, the issue about HS-DPCCH decoding was initially discussed [1]. Based on the agreements that the HS-DPCCH timing is determined by an offset from one downlink and follows the Rel-5 rules relative to the downlink acting as the time reference, the HS-DPCCH decoding should capture the time reference cell as a decoding baseline. In this contribution, we investigate the HS-DPCCH decoding issue for MF-Tx in non-CPC case and CPC case.
2. HS-DPCCH Decoding at NodeB
2.1 Non-CPC Case
In current specification, an HS-DPCCH sub-frame starts m×256 chips after the start of an uplink DPCH frame that corresponds to the DL DPCH or F-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) + 101, as illustrated in Figure 1. For inter-NodeB, the two cells only know their own TTX_diff and calculate the m value separately, so that there would be two values of the m if the two values of TTX_diff are different. Actually, the m value is just only one since the joint feedback adopted on single HS-DPCCH. As a result wrong decoding of HS-DPCCH shall happen in the non-timing reference cell, which is very serious. There would be two possible solutions: [1]
· Higher layers configure m for both cells

Higher layers calculate one single m value based on the TTX_diff of the timing reference cell and configure the m for both cells.

· NodeB calculates m value based on some extra information from higher layers

The relationship between TTX_diff and m should not be changed in the timing reference cell since the HS-DPCCH timing follows the Rel-5 rules in the timing reference cell. Namely, the timing reference cell calculates the m as m = (TTX_diff /256) + 101. RNC will send the TTX_diff of the timing reference cell to the non-timing reference cell so that it can calculates the exact m using the received TTX_diff, or RNC will send the offset of TTX_diff or the offset of m to the other cell so that it can calculates the exact m using its own TTX_diff or m and the corresponding offset.
Proposal 1: The m value is kept the same in paired cells of MF-Tx.
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Figure 1: Timing structure for HS-DPCCH control signalling
2.2 CPC Case

2.2.1 Overview
It is agreed that there is no problem with supporting DRX for inter-NB multiflow and UE would maintain a common DRX status. In inter-NodeB case, for the same reason of each NodeB not knowing the other’s timing in non-CPC case, CFN_DRXs obtained separately are different in the paired cells in some cases (see the examples below).
In current specification the timing relations of HS-SCCH, F-DPCH and HS-DPCCH are as follows:

· HS-SCCH and F-DPCH timing relation

The start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n is aligned with the start of the HS-SCCH subframe that starts (DRX chips after the start of the associated downlink F-DPCH of CFN n where 
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· HS-DPCCH and HS-SCCH timing relation

The HS-DPCCH discontinuous transmission radio frame of CFN_DRX n starts at the HS-DPCCH subframe boundary closest in time to 1280 chips after the start of the HS-SCCH discontinuous reception radio frame of CFN_DRX n as received at the UE.
From the above it can be seen HS-DPCCH CFN_DRX n is determined by HS-SCCH CFN_DRX n, while HS-SCCH CFN_DRX n is determined by F-DPCH timing. Since HS-SCCH CFN_DRX n in two different cells can be within the range of (-3slots, 3slots), HS-DPCCH CFN_DRX n in two different cells can be in different HS-DPCCH subframes in some cases. 

Here we give two examples to illustrate the issue that same or different CFN_DRXs will be found in MF-Tx cells:
· Same CFN_DRX found in MF-Tx cells (Figure 2)
HS-SCCH CFN_DRX relative to F-DPCH CFN:
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HS-SCCH CFN_DRX relative to DPCCH CFN:
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Baseline for HS-DPCCH CFN_DRX relative to DPCCH CFN:
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The two cells find the same HS-DPCCH CFN_DRX based on the closest HS-DPCCH subframe boundary relative to the baseline.
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Figure 2: Timing structure for MF-Tx with DRX mode (Same CFN_DRXs Found in MF-Tx Cells)
· Different CFN_DRXs found in MF-Tx cells (Figure 3)

HS-SCCH CFN_DRX relative to F-DPCH CFN:
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HS-SCCH CFN_DRX relative to DPCCH CFN:
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Baseline for HS-DPCCH CFN_DRX relative to DPCCH CFN:
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The two cells find the different HS-DPCCH CFN_DRX based on the closest HS-DPCCH subframe boundary relative to the baseline. In Figure 3, the HS-DPCCH CFN_DRX (red coloured) is found in non-timing reference cell, which is different from that in timing reference cell (blue coloured). It brings the same impact on HS-SCCH CFN_DRXs in the paired cell, where the HS-SCCH CFN_DRX found in non-timing reference cell (red coloured) and found in timing reference cell (blue coloured) violate the maximum overlap pairing rule. Actually the appropriate HS-SCCH CFN_DRX in non-timing reference cell is purple coloured.
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Figure 3: Timing structure for MF-Tx with DRX mode (Different CFN_DRXs Found in MF-Tx Cells)

2.2.2 Issues

If the two cells find the different CFN_DRXs some troubles will come in CQI feedback (depicted as in Figure 4~Figure 7, assuming the DRX status is common e.g. the same DRX parameters).
· SF-DC using DC-HSDPA feedback format (Figure 4 and Figure 5) in non-MIMO case

Since the two CQIs meant to be encoded in the same HS-DPCCH now have to be in two adjacent subframes, there is a question that how to jointly feedback the CQIs (using a specified CQI or repeating the last CQI?).
When we consider CQI repetition case, as in Figure 5, NodeB can even not correctly detect HS-DPCCH since HS-DPCCH can not be soft combined.
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Figure 4: CQI Joint Feedback Illustration using DC-HSDPA feedback format in non-MIMO case (N_cqi_transmit=1)
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Figure 5: CQI Joint Feedback Illustration using DC-HSDPA feedback format in non-MIMO case (N_cqi_transmit=2)
· SF-DC using DC-MIMO feedback format (Figure 6 and Figure 7) in MIMO case

For SF-DC MIMO without CQI repetition as in Figure 6, the feedback seems similar as DC-MIMO. But for CQI repetition case as in Figure 7, it is confused what to transmit since joint encoding is not feasible and the same problem on soft combining will occur as in non-MIMO case.
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Figure 6: CQI Joint Feedback Illustration using DC-MIMO feedback format in MIMO case (N_cqi_transmit=1)
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Figure 7: CQI Joint Feedback Illustration using DC-MIMO feedback format in MIMO case (N_cqi_transmit=2)
Besides the CQI feedback issues above, the DRX receiving time by UE side will be extended due to the different HS-SCCH CFN_DRXs, which does not benefit the DRX efficiency. The same influence on DTX transmission time since the total CQI feedback time is extended. 
With the above analysis, we propose:
Proposal 2: The HS-DPCCH/HS-SCCH CFN_DRX should be kept the same in paired cells of MF-Tx.

2.2.3 Solution
Based on the timing relationship, whether the cells can find the same HS-DPCCH CFN_DRX depends on the difference of baseline for HS-DPCCH CFN_DRX relative to DPCCH CFN (equal to
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of the paired cells), noting that the HS-DPCCH CFN_DRX in the timing reference cell is always the HS-DPCCH subframe boundary due to the 1280 chips calculated from 7.5 slots. Thus, the cells can find the same HS-DPCCH CFN_DRX when
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 slots, otherwise the different HS-DPCCH CFN_DRX is found. It is noted that the difference of HS-DPCCH CFN_DRX in the paired cells is up to 1 subframe (see Table 1).
Table 1: Summary of CFN_DRX Offset
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To solve the problem, we can modify the HS-DPCCH CFN_DRX with an integer ‘DRX_OFFSET’ in the non-timing reference cell, namely CFN_DRX+DRX_OFFSET. DRX_OFFSET is defined as the difference of HS-DPCCH CFN_DRX, calculated from
[image: image27.wmf]DRX

τ

D

:
DRX_OFFSET=
[image: image28.wmf]ú

ú

ú

ú

ù

ê

ê

ê

ê

é

+

D

-

3

5

.

1

2560

1

DRX

t

, where the unit of 
[image: image29.wmf]DRX

τ

D

is chip.
DRX_OFFSET will be three values -1, 0 or 1 with
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DRX_OFFSET can also be used in the HS-SCCH CFN_DRX determination in the non-timing reference cell.

Proposal 3: The HS-DPCCH/HS-SCCH CFN_DRX in the non-timing reference cell should be modified in MF-Tx case as:
CFN_DRX+DRX_OFFSET, where DRX_OFFSET=
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3. Conclusion
In this contribution we discuss the issues on HS-DPCCH decoding at NodeB for MF-Tx. It is proposed:
Proposal 1: The m value is kept the same in paired cells of MF-Tx.

Proposal 2: The HS-DPCCH/HS-SCCH CFN_DRX should be kept the same in paired cells of MF-Tx.

Proposal 3: The HS-DPCCH/HS-SCCH CFN_DRX in the non-timing reference cell should be modified in MF-Tx case as:

CFN_DRX+DRX_OFFSET, where DRX_OFFSET=
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To facilitate proposal 1~3 to the specification, a LS needs to be sent to RAN2/RAN3 to address HS-DPCCH decoding issues in case of HSDPA multiflow transmission.
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