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Summary of discussion on Dual Carrier in the Downlink

1 Introduction

During GERAN#29, several contributions related to Dual Carrier in the Downlink were presented and discussed ([1]-[10]). The purpose of this document is to summarise the discussion points and try to identify some working assumptions for the progress of the work on the feature. In general, the principle is that the existing procedures should be maintained as much as possible.
2 Applicability of Dual Carrier
Due to window size limitation, it would not provide any real benefits to support Dual Carrier configurations for GPRS.
Working assumption: Dual carrier in the downlink is applicable only for EGPRS. DTM configurations must be supported.
3 TBF Mapping

In the 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 has been discussed 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.”

For dual carrier the principle used in the case of multislot operation on a single carrier will be maintained.
Working assumption: A TBF will have the same TFI on both downlink carriers.
4 Carrier Co-ordination

As in the case of multislot operation, it should be possible to choose the MCS scheme for each carrier independently of the other.

The BSN coding should not have to be co-ordinated between the carriers, i.e. RLC blocks should be sent in order through a carrier but between carriers they could be sent so they arrive out of order in the MS.
NOTE: the impact on RLC unacknowledged mode needs to be evaluated.

If a block is transmitted on one carrier, when retransmitted it can be sent on the other carrier.
Working assumption: For the transmission of RLC/MAC blocks, dual carrier operation is just an extension of the multislot case and similar principles should be followed.
Working assumption: It should be possible to perform power control on each carrier independently of each other. 
Working assumption: allocation of the PTCCH should only be on a single carrier at a time.
5 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 it is preferred 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.

Working assumption: All segments of a multi-segment control message will be transmitted on the same PDCH. The RTI remains unique on that PDCH.
6 Uplink Physical Channel Definition

At least two approaches are possible for the definition of the uplink channel (adapted from [7]):

· Static Uplink Allocation – In this approach, one of the component carriers of the dual-carrier downlink physical channel is associated on a continuous basis with the single assigned uplink physical channel. The associated downlink carrier would be identified as the primary downlink carrier, with the remaining downlink carrier identified as the secondary downlink carrier. With this method, poll responses would use only the primary uplink carrier, as would an uplink TBF. This method is termed the “poll either carrier, reply on primary carrier” method. Thus, USFs for that uplink TBF would appear only on the primary downlink carrier.

· Dynamic Uplink Allocation – A second approach is to select the uplink carrier frequency as the duplex carrier associated with the downlink carrier which carries the polling message. This method is termed the “poll either carrier, reply on same carrier” method. Additionally, an uplink TBF could be dynamically allocated blocks on either of the two uplink carriers, depending on which downlink carrier the USF for that uplink TBF appears.

The decision of which method to adopt will have an impact, for example, on which carrier to use for the transmission of channel quality measurements. One option could be to request quality measurements of both downlink carriers although only one paired uplink frequency is in use. The downlink frequency on which the Poll request was sent would indicate to the MS for which carrier the measurements should be reported. The measurements are reported through the assigned uplink frequency.
Working assumption: The standard should be flexible enough to allow “Dynamic Uplink Allocation”.
7 '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.

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? Some contributions [10] 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.

Working assumption: The mobile station transmits on only one uplink carrier within all the TDMA frames belonging to the same radio block.
Working assumption: In case of DTM, the UL CS timeslot will be on the carrier ‘paired’ with the one where the CS DL timeslot is located.
8 Dual carrier allocation descriptions

For dual carrier, 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?

Working assumption: Existing messages should be extended where possible; new messages should be created only if necessary.
9 Multislot capabilities

For mobile stations supporting Dual Carrier in the downlink there seems to be consensus not to define new multislot classes; the proposal is to reuse the (single carrier) multislot indication in order to derive the dual carrier capabilities for the MS. The exact mechanism to derive the dual carrier capabilities (e.g. whether to simply double the value of “RX” for a single carrier or define some more complex rules) is for further investigation.
Working assumption: No new multislot classes should be defined for mobile stations supporting dual carrier. The dual carrier capabilities will be derived from the single carrier multislot class(es).
10 Conclusions

It is proposed that the working assumptions highlighted in the paper are noted and used as a basis for the future work on dual carrier in the downlink. A CR in line with these assumptions (and based on a revision of [10]) will be provided for GERAN#30.
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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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