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Open issues for Dual Carrier in the Downlink

1 Introduction

A Work Item for Dual Carrier in the downlink was agreed at GERAN#28 [1]. In the present document some open issues are highlighted and suggestions for working assumptions are proposed. The aim of this document is therefore to help scope the technical areas where work is required to complete the Work Item.

2 TBF Mapping

It is assumed that in case of dual carrier transmission the following principles apply:

i. There is a single RLC/MAC entity for both carriers

ii. There is a single logical PACCH

iii. The PACCH can be mapped to either carrier, respecting the current rules for mapping of PACCH onto physical channels
.

It is assumed that a TBF can span two carriers.  It should be clarified whether the TBF would have the same TFI on both carriers or it could have different TFIs on different carriers. For the case of multislot operation on a single carrier, TS 44.060 states that:

“Each TBF is assigned a Temporary Flow Identity (TFI) by the network. The mobile station shall assume that the TFI value is unique among concurrent TBFs in the same direction (uplink or downlink) on all PDCHs used for the TBF. The same TFI value may be used concurrently for TBFs on other PDCHs in the same direction and for TBFs in the opposite direction.”

It is proposed to maintain for dual carrier the principle used in the case of multislot operation on a single carrier. So in practice with dual carrier the situation will be as shown in Figure 1, where the “orange” TBF is using 5 TS on carrier 1 and 3 TS on carrier 2:
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Figure 1
The benefits are the reduction of the complexity in the allocation, and the fact that it is more in line with the legacy principles; also, the extension of the definition of a Global TFI from the single carrier case to the dual carrier case is straightforward. The disadvantage of this approach is that there is one additional constraint for the scheduling, and this may lead to more frequent rearrangements (i.e. reassignment of the TFI) when a new TBF needs to be established than by allowing different TFIs on different carriers.

From this point of view, the dual carrier approach is not much different from the case of multislot transmission on a single carrier, only that now the MAC spans 16 timeslots rather than 8 (but with some additional constraints).

3 Mapping of PACCH

Regarding the transmission of control messages on the downlink PACCH, some questions arise:
1
Should all the segments of a single multi-segment control message be sent on the same carrier or could multiple segments of the same message be allowed to be sent on different carriers?
2
Following from the previous question, should the RTI (Radio Transaction Identifier) be separate on each physical PACCH?
Although there may be advantages to utilising PDCHs simultaneously on both carriers (e.g. the transmission of large messages such as PS/DTM HO COMMAND could be accelerated by sending different segments on the two carriers in parallel), in order to simplify things Siemens’ preference would be to mandate that all the blocks of a multi-segment control message are sent on only one PDCH (and therefore the RTI remains unique on the PDCH). By doing so, the same principles as for multislot would be retained.

4 'Simultaneous' Transmission on Two Uplink Carriers

In the uplink, it should be possible for the MS to send data blocks belonging to one TBF on either of the two uplink carriers. During the GERAN2#28bis meeting, it was discussed whether, in the uplink, the MS could be allowed to switch between the two carriers within the same TDMA frame. In other words, the mobile is allowed to transmit on only one carrier at any time, but may be allowed to transmit on one carrier on certain timeslots and on the other carrier on other timeslots within the same TDMA frame. One disadvantage of this approach is that it is likely that an “idle” timeslot is required between two transmission slots in order to switch between the two carriers, and this may lead to a loss in capacity.

However, if the possibility described above is not allowed, one consequence would be that in the case of DTM with dual carrier, the MS would need to transmit always on the same uplink carrier, as the CS timeslot is always located on the same carrier.

Related to the issues above is the following question. When transmitting information to the network (such as channel quality information), should the mobile send the information for the two carriers separately or could some of the existing messages be extended to carry information for two carriers? Previous contributions [2] seem to indicate a preference for the first approach. But in the light of the considerations above, the second approach might also need to be considered.

5 Dual carrier allocation descriptions

In any case, the assignment messages should be such that the allocation of one TBF across two carriers can be done with a single message. At present, all control messages assume single carrier operation. It needs to be evaluated how messages need to be modified in order to allocate and manage resources on two carriers. If possible, the option of sending two allocation messages (one for each carrier) should be avoided, so an efficient way to compress the messages should be devised.

Additionally, in case of Frequency Hopping, it should be discussed whether the two “carriers” should use the same Mobile Allocation (in that case the two carriers could just be two different MAIOs), or whether the possibility to use separate Mobile Allocations should be allowed. And in case different MAs are allowed, how can this be encoded efficiently? Would it be acceptable to define one as a ‘delta’ of the other?

6 Multislot capabilities

For mobile stations supporting Dual Carrier in the downlink it is proposed not to define new multislot classes, but to reuse the multislot indication for single carrier in order to signal the MS capabilities. This topic is further discussed in [3].

7 Improved Neighbour Cell Monitoring

Dual Carrier in the DL could provide also means for improved neighbour cell monitoring. Given that both carriers are transmitted by the same base station, search frames of both carriers are synchronised; hence for a mobile station with dual carrier capability the parallel monitoring of neighbour cells could be possible. To speed up the neighbour cell search, both receivers could monitor different neighbour cells indicated in the neighbour cell list. This will mainly apply to neighbour cells in the same band.

This could be beneficial both in tight BCCH reuse networks with small overlap zones between the cells and also yield improved handover and cell reselection performance for street canyon situations due to street corner effects where strong base stations suddenly appear or disappear. The issue of improving neighbour cell monitoring and thus improving handover performance has already been raised in [4] and [5]. Hence speeding up both neighbour cell measurement and neighbour cell detection is of major importance to enable fast neighbour cell reporting and hence faster decisions for circuit switched or packet switched handovers or for cell reselection during packet transfer mode.

8 Conclusions

In this contribution some issues concerning dual carrier in the downlink have been highlighted. It is proposed that they are discussed and corresponding working assumptions are agreed.
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� This means that the PACCH can be mapped to any assigned downlink timeslot on either carrier in case of dynamic allocation, whereas it can be mapped only to the first assigned downlink timeslot on either carrier in case of extended dynamic allocation.
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