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1 Introduction

RAN 1 has agreed that in case of layer 1 combining the UE should be able to combine transmissions from different cells provided they fall within a time window of 1 TTI + 1 slot. In order to know which transmissions/ TTIs to combine from the cells for which L1 combining may be used, it is assumed that some transmission timing information needs to be provided for each neighbouring cell. During the last conference call on the introduction of MBMS in TS 25.331, the RRC signalling for this was briefly discussed. It turned out that there is no common understanding on what needs to be signalled. This contribution aims to resolve the issue and to conclude the RRC signalling.
2 Discussion
The figure 1 shows an example of the MBMS transmission timing as used in different cells, some of which fall outside the UE timing window. In this example the time difference, which is indicated by arrows, is expressed in units of 20 ms while a TTI of 80 ms is used.
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Figure 1: Neighbouring time difference scenario’s – example 1
Considerations and assumptions
· The MBMS transmissions start at SFNs with SFN mod TTI/frame length ie SFN mod 8 in case of a 80 ms TTI
· UTRAN shall ensure that for all neighbours for which L1- combining is indicated, the transmission time falls within the UEs timing window; meaning that a transmission timing as shown for neighbour 3 in figure 1 should not occur

· It is possible that two transmissions of a neighbouring cell fall within the UE receiver window (see the case of neighbour 2 in figure 1). In such a case the UE will have to determine which of the two transmissions to apply for L1 combining. Our assumption is that the UE can not detect by using trial and error whether it is combining the correct transmissions or not. Consequently, UTRAN needs to provide some timing information to resolve such a case
· The RRC signalling can never indicate the transmission timing entirely accurate eg. due to UTRAN inaccuracies, radio propagation delays. This implies that the UE will always have to determine the detailed timing.

Proposal

· The proposed operation for determining which neighbouring TTI to apply for combining is as follows:

· Rule 1: The UE applies the TTI which has the smallest time difference compared to the current cell

· Rule 2: If rule 1 does not result in a resolution ie. for 2 TTIs the timing difference is the same (within some margin),  the UE shall select the TTI depending on the timing information provided by the UTRAN

· The use of rule 1 is illustrated by means of figure 2, see below. The figure shows a case in which the transmission time difference between yellow transmission in the current cell is much closer to the yellow transmission than to the orange transmission in Neighbour 1. Hence the selection is rather straightforward
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Figure 2: Neighbouring time difference rule 1:  UE selects closes TTI
Note
It should be noted that UTRAN should ensure that the above rules lead to the desired result ie. they basically equally apply for UTRAN. For rule 1 this is illustrated in figure 1, which shows that UTRAN should not schedule Neighbour 2 as shown in the picture above since that would cause the UE to combine the orange TTI of Neighbour 2 with the yellow one of the current cell

· The use of rule 2 is illustrated by means of figure 3, see below. The figure shows a case in which the transmission time difference between yellow transmission in the current cell and the yellow and pink transmissions in Neighbour 1 is almost the same eg. say 0.5 TTI. In this case rule 1 can not resolve the situation, so UTRAN will have to signal which TTI the UE shall apply
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Figure 3: Neighbouring time difference rule 2: – UE selects TTI based on RRC signalling
Note

· In case the timing information signalled by UTRAN would also be used in case the timing difference between the current cell and the neighbour is small, timing inaccuracies might cause UTRAN and the UE to have different assumption about the TTI indicated by the RRC signalling.

3 Conclusions and proposal
This contribution has discussed the transmission timing information that RRC needs to provided for each neighbouring cell and proposes:
a) To specify that the UE shall apply the neighbour’s TTI that has the smallest time difference compared to the current cell

b) To introduce a single bit to indicate if the neighbours transmission preceeds the transmission of the current cell or not

c) To specify that the UE shall apply this signalled transmission timing difference information if two of the neighbour’s TTIs have (nearly) the same timing difference
4 References

[1] R2-042370,  MBMS RRC CR, Samsung

5 Examples with multiple TTI’s
The following shows an example with multiple TTIs on the S-CCPCHs that are being L1- combined. The example concerns a case in which the transmission starts and ends at a common boundary of the TTI’s used on the S-CCPCH.
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Figure 4: Neighbouring time difference scenario’s – multiple TTIs with transmission start and stop at common TTI- boundary
Note
In the figure above, different colours indicate different content. This is independent of whether certain TTIs nothing is transmitted.

The above figure illustrates that
· The actual stream on the S-CCPCHs to be combined is the same
· The proposed rule 1 always resolves the transmission timing except for 1 of the TTIs, while the proposed rule 2 will resolve the transmission timing for the remaining TTI

· The setting of the IE by UTRAN indicates if the stream on the neighbouring S-CCPCH is ahead of the one on the current cell’s S-CCPCH, which is independent of the actual TTIs used on the S-CCPCH

The following shows an example with multiple TTIs on the S-CCPCHs that are being L1- combined. The example concerns a case in which the transmission does not start and ends at a common boundary of the TTI’s used on the S-CCPCH.
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Figure 5: Neighbouring time difference scenario’s – multiple TTIs with transmission start and stop not at common TTI- boundary
The above figure illustrates that

· In this scenario, the situation is basically the same as in the above ie. the proposed rule 1 always resolves the transmission timing except for 1 of the TTIs, while the proposed rule 2 will resolve the transmission timing for the remaining TTI
· For a UE only interested to receive a service mapped on to a FACH using an 80 ms TTIs, the UE could actually start receiving/ combining at the first 80 ms TTI boundary within the L1 combining schedule. If the UE however would receive the entire L1 combining period, the L1 combining would anyhow work

Final remarks

· UTRAN should ensure that for the smallest TTI mapped on the S-CCPCH the transmission timing is within the UE window ie. the shortest TTI puts the most stringent timing requirement on UTRAN

· Each UE should use the smallest TTI of the TrCH's it is receiving to determine the time difference. This, together with the previous bullet, will ensure the UE will determine the neighbouring cell timing correctly.

· The L1 combining information only indicates the periods the UE should combine, including periods in which information is scheduled for services the UE is not interested in. This could include other TrCh's with different TTIs.

· Depending on how the scheduling information provided on MSCH is used in conjunction with the L1 combining information, the UE could actually receive only the part of the L1 combining period that in which the services the UE is interested in are provided

· The transmission time difference is static (apart from some jitter) and independent of how the services are scheduled. Consequently, the signalled value is also independent of how the scheduling information provided on MSCH is used in conjunction with the L1 combining information
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