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1 Introduction
At the last RAN1#68bis meeting, the topic of time reference cell for HS-DPCCH transmission timing was discussed in RAN1 ([1]). According to RAN1 multiflow LS ([2]), the overall description on the topic is as below:
Time reference cell for HS-DPCCH transmission timing

The HS-PDSCH to HS-DPCCH channel timing restrictions may require the network to pick the reference cell for the HS-DPCCH timing based on UE measurements pertaining to the time difference between the cells and L1 specific criteria and provide this information to the UE and to the participating Node Bs. Due to possible time drift between the Node Bs, there may be a need to change the time reference. It is FFS if this is limited to the case of the UE not requiring additional processing time for HARQ-ACK generation. Measurements, triggers and signaling for this purpose need to be considered.

RAN2 is requested to the following action by RAN1 on the topic:
Actions to RAN WG2:

RAN WG1 would like to respectfully request RAN WG2 to take the abovementioned points into consideration in their work. Especially RAN WG1 would like to highlight the following points:

· Due to the HS-DPCCH timing being relative to one of the Multiflow cells only, additional signaling is needed for the UE to know what transmit timing to apply to HS-DPCCH. It is FFS if this is limited to the case of the UE not requiring additional processing time for HARQ-ACK generation. Some practical details related to this are still under discussion in RAN1, but it is expected that when the time difference of the two cells drifts over 1.5 slots, the network may need to take action. It is FFS if this is limited to the case of the UE not requiring additional processing time for HARQ-ACK generation.

· The HS-DPCCH timing requirements may require the RNC to get UE measurements on relative cell timings in order to make the decision on the HS-DPCCH timing.

Based on the multiflow LS ([2]), there are two issues to be decided by RAN2:

Issue 1: Cell pairing information

Which entity will determine cell pairing information, the UE or the network? What is the exact content of cell pairing information?
Issue 2: Mechanism for updating of cell pairing

Regarding the maximum time difference of the two serving cells (1.5 slots), what is the mechanism for the network to meet the requirement?
The paper is to provide the analysis on the above issues and solutions are also given.

2 Discussion
2.1 Cell pairing information
From our point of view, it should be up to the network to determine cell pairing information. Firstly the UE is able to report the measurement IE “SFN-CFN observed time difference” during soft handover procedure, so the network could know the exact time difference of the two cells and then determine cell pairing information. Secondly, the network will anyway send the necessary configurations of multiflow to the UE if it wants, so it is simple to add such information in the relevant signalling.
The other option is that the UE determines cell pairing information, and in this case the UE should report such information to the network. In our opinion, the option may require new measurement events and thus additional complexity will be introduced, so we prefer the network to determine cell pairing information and in addition we also provide feasibility analysis on that in section 2.2.
Proposal 1: It is proposed that cell pairing information should be determined by the network.

Regarding cell pairing information, we think that either HS-SCCH sub-frame pairing or HS-PDSCH sub-frame pairing could work. Here we give a figure referenced in multiflow LS ([2]). It is shown that one HS-PDSCH sub-frame in time reference cell and one HS-PDSCH sub-frame in non-time reference cell are linked to the same uplink HS-DPCCH sub-frame, and in this case it is proposed to consider HS-PDSCH sub-frame pairing as cell pairing information. 
[image: image1.emf]Slot #0Slot #1Slot #2Slot #3Slot #4Slot #5Slot #6Slot #7Slot #8Slot #9Slot #10Slot #11Slot #12

HS-PDSCH subframe

7680 chips

2560 chips

Uplink DPCH

HS-PDSCH of cell 1

at the UE

HS-PDSCH subframe

7680 chips

HS-PDSCH of cell 2

at the UE

HS-DPCCH subframe

Uplink HS-DPCCH

7680 chips

τ

UEP

≈19200 chips

τ

UEP

-τ

DIFF

Chips τ

DIFF

ACK/

NACK


Figure 1: Channel timings in a non-MIMO case and in a MIMO case if increased HARQ-ACK processing latency is not needed

Proposal 2: It is proposed to use HS-PDSCH sub-frame pairing as cell pairing information.

If Proposal 2 above is agreed, there is an issue on how to signal the information of HS-PDSCH sub-frame pairing. We see two possible solutions:

(1) The network signals the HS-PDSCH sub-frame indexes of time reference cell and non-time reference cell
(2) The network only signals the HS-PDSCH sub-frame index of non-time reference cell

For the solution (2), we give an example in the figure 2. It is assumed that the paired HS-PDSCH sub-frame in the time reference cell is fixed to sub-frame 0 in each radio frame, and then the network could configure the value of the paired HS-PDSCH sub-frame in the non-time reference cell, e.g. sub-frame 4. In our opinion, solution (2) is preferable because fewer bits are introduced compared to solution (1).
In the figure 2, if the network only signals paired sub-frame information to the UE, it may be not clear which radio frame the paired sub-frame is in, for example, the paired sub-frame information is sub-frame 0 in the time reference cell and sub-frame 4 in the non-time reference cell, but there may be the following interpretations for the UE in the table 1:
Table 1: interpretations of sub-frame pairing

	
	Paired sub-frame in the time reference cell
	Paired sub-frame in the non-time reference cell

	Interpretation 1
	Sub-frame 0 of SFN 202
	Sub-frame 4 of SFN 274

	Interpretation 2
	Sub-frame 0 of SFN 202
	Sub-frame 4 of SFN 273


Though it is obvious that the second interpretation is correct and the first interpretation is not practical, such confusions may bring troubles to the UE. There are basically two solutions: the first solution is to explicitly configure radio frame pairing information in addition to sub-frame pairing information, e.g. SFN offset; in the second solution, the UE is required to find an appropriate sub-frame paring based on the knowledge that the time difference of the two cells does not exceed 1.5 slots.
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Figure 2: HS-PDSCH sub-frame pairing for multiflow operations
Proposal 3: It is proposed that the paired HS-PDSCH sub-frame in the time reference cell is fixed to sub-frame 0, and the network could configure the paired HS-PDSCH sub-frame in the non-time reference cell to a value between 0 and 4.
Proposal 4: It is proposed RAN2 to discuss the need to indicate radio frame pairing information in addition to sub-frame pairing and potential solutions.
2.2 Mechanism for updating of cell pairing
In order to meet the HS-DPCCH timing requirements, the network should provide the suitable cell pairing information to the UE. Basically there are two scenarios when the network needs to update cell pairing information for the UE.
Scenario 1: the UE is configured from non multiflow operations to multiflow operations 

Under this scenario, it is proposed that the network provides cell pairing information to the UE. Currently RAN2 has agreed that it is possible to use legacy mobility procedures  to configure multiflow operations, e.g. after reporting of event 1A or 1B. During the soft handover procedure, the UE is required to measure the Timing difference between its DPCH and SFN in the target cell and it reports it to the SRNC, and then the SRNC sends this Time difference value in two parameters Frame Offset and Chip Offset over Iub to NodeB. It is noted that such Timing difference is already included in the IE “Cell synchronisation information” in the MEASUREMENT REPORT message ([3]).

Based on the IE “Cell synchronisation information”, the SRNC could know the SFN in the target cell, and in addition it already has the SFN information in the primary serving cell based on DOFFFDD, so in this case cell pairing information could be generated. An example for network behavior on deciding cell pairing information is shown in figure 3.
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Figure 3: the network generates cell pairing information based on DOFFFDD and OFF+Tm
Proposal 5: It is proposed that the network generates cell pairing information when the UE is configured from non multiflow operations to multiflow operations.
Scenario 2: the UE is already configured with multiflow operations
In this scenario, due to possible time drift between the serving NodeBs, there may be a need to change the time reference. From the network point of view, it is not practical that the time drift will change so dynamically during multiflow operations, and the only problematic use case is that the cell timing difference varies slightly round 1.5 slots e.g. between 1.49 slots and 1.51 slots.
In our opinion, the key question to the network vendors is whether the use cases of time drift exist or not, so we propose RAN2 to discuss and confirm the use cases of time drift for multiflow operations.

Proposal 6: It is proposed RAN2 to discuss the use cases of time drift during multiflow operations.

In our opinion, the problematic use case is not a common use case, and even if it happens, the network could simply decide not to configure multiflow operations or to configure multiflow operations with 7 HARQ processes.

Regarding other use cases, increasing differences in relative timing could be detected by the RNC when periodically performing RNC-NodeB Node synchronisation measurements, and it is already supported by current standards ([4]). In case time differences are growing unacceptably large (over 1.5 slots), RNC is able to decide to either remove multiflow configuration or generate a new cell pairing information.
In [5], it was proposed to introduce a “Dynamic Cell Pairing” mechanism, the details are as below:  
· The sub-frame pairing is determined by the UE such that the maximum sub-frame offset from any of the cells does not exceed 1.5 slots. 

· The pairing is signalled to the RNC which then informs the assisting and assisted NodeBs so that they adjust their timelines in order to receive and decode the HS-DPCCH

· If the two cells/NodeBs begin to drift apart, and the maximum configured threshold has been exceeded, then the UE computes the new subframe pairing and informs the RNC through an event. The timing of the HS-DPCCH would change after a pre-configured activation time.

· A new event would have to be introduced in the specification with information about the new subframe pairing. If the timing from multiple cells are different, then an event would need to be configured for each pair of cells participating in the multiflow operations.

· RNC updates the serving and secondary serving cells involved in the multiflow transmissions about the updated pairing of sub-frames from different cells and the corresponding HS-DPCCH timing through NBAP signalling. The RNC also acknowledges the change in subframe pairing back to the UE.

From our point of view, the introduction of new measurement events is depended on whether use cases exist or not, and even if the use cases happen there are many means of implementation for the network to solve the issue as mentioned above. In order to fully evaluate the impact of time drift, it is proposed RAN2 to discuss potential solutions if RAN2 confirms such use cases.
Proposal 7: If use cases of time drift are confirmed, it is proposed RAN2 to discuss potential solutions, e.g. with or without introducing new measurement events.
3 Conclusion

In this paper, we give some analysis on cell pairing information and mechanism for updating of cell pairing, and in addition the following proposals are provided:
Proposal 1: It is proposed that cell pairing information should be determined by the network.

Proposal 2: It is proposed to use HS-PDSCH sub-frame pairing as cell pairing information.
Proposal 3: It is proposed that the paired HS-PDSCH sub-frame of time reference cell is fixed to sub-frame #0, and the network could configure the paired HS-PDSCH sub-frame of non-time reference cell to a value between 0 and 4.

Proposal 4: It is proposed RAN2 to discuss the need to indicate radio frame pairing information in addition to sub-frame pairing and potential solutions.
Proposal 5: It is proposed that the network generates cell pairing information when the UE is configured from non multiflow operations to multiflow operations.
Proposal 6: It is proposed RAN2 to discuss the use cases of time drift during multiflow operations.

Proposal 7: If use cases of time drift are confirmed, it is proposed RAN2 to discuss potential solutions, e.g. with or without introducing new measurement events.
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