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Multislot support for DARP-I mobiles in downlink dual carrier configuration
1. Introduction

DARP phase I is a release independent feature that was standardized for mobile stations. DARP phase I mobiles support a set of performance requirements for GMSK channels as specified in 3GPP TS 45.005. Downlink dual carrier is a GERAN Rel-7 feature. With downlink dual carrier (DLDC) the mobiles are capable of receiving data in downlink on 2 downlink frequencies (ARFCNs) simultaneously. The total number of downlink timeslots in a TBF in case of DLDC operation may thus be 8 or even more depending on the multislot capabilities of the DLDC mobiles (see 3GPP TS 45.002). In this contribution some issues in supporting DARP in a DLDC configuration are highlighted and possible options to solve these issues are listed for further discussion and agreement. 
2. DARP phase I mobiles and DLDC
The penetration of DARP phase I mobiles is significantly high. This high penetration of DARP phase I mobiles allows tight reuse patterns in the networks especially for speech traffic where GMSK is predominantly used. However, DARP phase I capable mobiles also need to satisfy performance requirements for packet data channels using GMSK as well. In particular if a mobile is DARP phase I capable, it is expected to satisfy DARP phase I performance requirements on all the timeslots of a TBF in a multi slot allocation. However, support of DARP on all the relevant timeslots may not be feasible as the number of assigned timeslots increase, especially in case of a DLDC configuration.
It should be noted that DLDC is introduced as a feature to enhance the data rates in downlink. Thus high peak data rates are possible when a high number of timeslots are assigned to a mobile. From the peak data rate perspective it is evident that highest possible data rates are achieved when higher order modulation schemes are used on the timeslots. However configurations comprising a high number of GMSK timeslots may be assigned and would be typically useful in coverage limited scenarios. 
According to the current specifications, a mobile station supporting DLDC and DARP phase 1 has to signal a single GPRS/EGPRS/DTM multislot class which is valid regardless of the number of timeslots on which  DARP could be required to be active (i.e. the timeslots where GMSK is used). The requirement to activate DARP on a large number of timeslots may cause the mobile station's processing capability to be exceeded.
As a result, the mobile station may have to either:

1. Signal a lower multislot class (based on the maximum number of timeslots on which DARP can be supported)

Or 

2. Indicate no DARP support and signal the highest multislot class it can support without DARP activated. 

Whilst option 1 would mean that the network can never assign the maximum number of timeslots that the mobile station supports (e.g. when some or all slots use non GMSK modulations), option 2 would not allow the network to exploit the DARP capability of the mobile at all, even on a limited number of slots. In other words, option 1 is jeopardizing the peak data rate that would be achievable by the mobile station while option 2 is prohibiting the networks from using RRM strategies exploiting the full capabilities (DARP) of the mobile stations. Hence, both the above options are suboptimal. 
It is hence, recommended to allow a more effective support of DARP functionality in DLDC capable mobile stations. There are different possible options to allow such flexibility and these are discussed in the section below. 
3. Options to relax DARP phase I applicability on timeslots
3.1 Allow mobiles to switch off DARP on some timeslots when in DLDC

3.1.1 Purpose

This option would require the mobile station to support DARP on as many timeslots as possible but not necessarily on all the timeslots of a DLDC configuration. 
For example, DARP I requirements may be aligned with the principle adopted for DARP – phase II (see 3GPP TS 45.005) which do not require a mobile station in DLDC configuration to support DARP phase II requirements.

3.1.2 Without signaling
The proposal can be implemented without any additional signaling (as was done in case of DARP - phase II relaxation with DLDC). In this case, the core specifications (i.e. 3GPP TS 45.005) would simply need to state that it is not required for mobile stations to support DARP on some or all of the timeslots in case of DLDC operation. 

3.1.3 With signaling

The proposed flexibility may also be achieved by introducing a capability in the MS Radio Access Capaility (MSRAC) signaled by the mobile station – e.g.: 
· a single bit indicating restrictions in supporting DLDC and DARP together or 
· a field indicating the maximum number of timeslots on which DARP can actually be supported or 

·  a multislot reduction field to indicate a reduction of the number of timeslots for DARP from the maximum number of timeslots supported according to the signaled multislot class etc. 
Due to the increase on the length of the MS RAC, this option of signaling shall be considered carefully. 
4. Conclusion
To exploit the full gains of DLDC, a mobile station is expected to signal the highest multislot class it can support in order to enable higher data rates in downlink. However, if the mobile station supports DARP, the number of GMSK + DARP timeslots that can be supported in downlink (especially in case of DLDC) might become the limiting factor in determining the signalled multislot class.

In order to allow the networks to use maximum number of timeslots in downlink under DLDC (and hence achieve the maximum possible peak data rates) and to enable using DARP on as many timeslots as possible at the same time (if using GMSK on some or all of these slots), it is proposed to allow some relaxations to support of DARP in case of multislot downlink allocations with DLDC. GERAN is encouraged to discuss this and to agree on a way forward in this regard. If options requiring signaling are seen as necessary, the sourcing company will bring CRs to make the necessary changes to specifications at the next meeting. 
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