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MSRD & Downlink Dual Carrier
1. Introduction

A work item on downlink dual carrier (DCDL) was agreed as part of Rel-7 enhancements for GERAN ‎[1]. Another work item that was agreed as part of Rel-7 is the mobile station receive diversity MSRD ‎[2]. It is expected that downlink dual carrier and MSRD can not be supported at the same time by most of the mobile stations. The standard thus foresees the switching between DCDL and MSRD modes.  
Part of the work item description for Downlink Dual Carrier [1] includes: 

"The possibility for a dual antenna terminal to switch between dual carrier reception and MS receive diversity is envisaged."

This discussion paper presents some concepts and working assumptions on how MSRD and downlink dual carrier interact, and simple approaches to maximise the benefit of MSRD.
2. Working Assumptions

The following assumptions are the basis of this paper:

· MSRD and Downlink Dual Carrier are independent features; 

· However, it is expected that the most common implementation will be such that MSRD and DCDL cannot operate simultaneously.
3. Autonomous [de-]activation of MSRD with DCDL assignments
Mobiles which have a dual carrier assignment may find that their radio performance is decreasing.  In this case, the network may initiate a handover and send a [PS/DTM] Handover Command to the mobile.

In order to maximise the probability of receiving such messages, it would be preferable if the mobile could activate MSRD; however, this would mean that it could no longer receive on one of the two carriers.  One option would be that the network could make a new, single-carrier, assignment to the mobile to allow it to activate MSRD.  However, it is believed that this would add unnecessary delay, as, given the deteriorating radio conditions and the fact that MSRD cannot be used, this could take some time to be received correctly by the mobile.   

Instead, it is proposed that the mobile be allowed to autonomously activate MSRD and receive data on one carrier only e.g. 'carrier 1' (as specified by the assignment message).  In order to permit this option, the network would be mandated to transmit handover commands and assignment messages on carrier 1.  This would maximise the probability that these messages were received correctly by the mobile, with no additional signalling being required over the air interface. 
Since this will prevent the MS from receiving data on carrier 2, the mobile should indicate (using an EGPRS Packet Downlink ACK/NACK) at the first opportunity the fact that it has enabled MSRD and disabled DCDL.

4. Downlink Link Adaptation

It is expected that usage of MSRD would lead to a considerable increase in battery consumption as a majority of components in the receive path of the RF chain in the MS are duplicated and are active during MSRD. Thus it is reasonable to allow the mobile stations to switch the second antenna on and off to minimise the battery consumption. This would be useful in case of good reception quality already with a single antenna or in the case when the second antenna does not give significant improvement on quality of reception. Thus we believe that allowing the MS to switch between MSRD ON and MSRD OFF modes would be helpful. 

However, link adaptation by the network is more difficult if the mobile can autonomously activate/de-activate MSRD. If the network does not know whether the mobile is using MSRD or not it is harder to interpret BLER data and (EGPRS) Packet Downlink ACK/NACK reports. This is critical especially for DCDL-capable mobiles where MSRD and DCDL cannot be supported simultaneously. It would be useful for the network to know whether or not the mobile is using MSRD to enable the network to more accurately determine the appropriate new MCS when transitioning between single- and dual-carrier configurations; in the latter case the the mobile would be required to disable the MSRD thereby suffering a loss in downlink performance. 

It is therefore proposed that the mobile should indicate to the network in the EGPRS Packet Downlink ACK/NACK message whether or not MSRD is being used. 

5. Dynamic indication that MSRD can be activated with DCDL assignments
In any dual carrier configuration, the mobile is likely to be prevented from activating MSRD due to the requirement to listen on both downlink carriers, even if no data (including USFs) for the mobile is being sent.  It would be beneficial if the network could inform the mobile that it need not listen to both carriers, on a temporary basis (i.e. without requiring a new assignment).  For example, the network could indicate to the mobile that it need only decode blocks on carrier 1 for the next n block periods. (n could be set in the assignment messages – the concept is similar to USF granularity).
This would increase the aggregate throughput of the cell, by allowing higher order modulations/coding schemes to be used on fewer timeslots (with MSRD) rather than lower order modulations/coding schemes on more timeslots (on two downlink carriers when MSRD could not be used).

Due to the fact that the existing RLC/MAC headers are already crowded and there is no scope to increase the number of stealing flags for EGPRS, it is proposed that this dynamic indication scheme be introduced for the new modulation and coding schemes being worked on in the HUGE/RED HOT work items.

6. Conclusion
This paper has presented some simple enhancements that could allow the mobile and network the flexibility to make appropriate link adaptation and assignment choices, and also to maximise the probability of handover commands etc. being received correctly by the mobile.
In particular, it is proposed that, to allow mobiles to autonomously enable MSRD in Dual Carrier Configurations, the network is mandated to send handover commands and assignment messages on carrier 1.  It is also necessary for the mobile to indicate that it has taken this action, and therefore a new indication in the EGPRS PDAN is required.  This requires only small changes to the specifications (see accompanying CR to 44.060).

In order to minimise battery consumption, it may also be beneficial for the mobile to be able to disable MSRD in single carrier configurations. 

Due to the complexity and lack of appropriate spare header bits/stealing flags, it is concluded that the proposal in section 5 should be considered only for the new modulation schemes.
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