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Discussion and Decision
1.

Introduction
Release 11 LTE Carrier Aggregation Enhancements WI was originally approved in [1] in RAN#51 and further updated in [2] in RAN#52. Under the LTE Carrier Aggregation Enhancement WI RAN1 has started developing new carrier type. The RAN1 meeting #66 bis in October 2011 made the following working assumptions for new carrier types:

· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

i. issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

ii. resource allocation methods

iii. what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded. 

The last RAN1 meeting #67 in November 2011 made still further conclusions and working assumptions for new carrier types as follows:

In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver. 

As part of new carrier type work RAN1 is considering how to and how much common control channel overhead could be avoided in cells and carrier with new carrier types. As it can also be observed from the RAN1 working assumptions and conclusions, so far the main focus in the RAN1 performance and UE impact analyses has been in time and frequency tracking rather than neighbour cell identification and level measurements (RSRP and RSRQ measurements). However, at the same time RAN1 assumes that both synchronous case with rough synchronization between PCell and new carrier type Scell and fully asynchronous case where the UE has to identify a new cell without prior information from or through PCell. Reduction in common channels is expected to have rather significant implications on UE cell identification and level measurement performance and also UE implementation in asynchronous network deployment scenarios. Therefore, we feel that it would be important that RAN4 also starts analysing implications of new carrier types and proposed common channel reductions especially for UE RRM requirements already now before the new carrier type design or designs are concluded in RAN1. In this way it should be easier to avoid late changes to new carrier type design or unexpected implications like too significant UE performance degradations and implementation implications.
In this contribution we provide initial analyses for the RAN1 working assumptions and their implications on UE implementations, requirements and also what really could be optimized in different LTE CA scenarios. We also propose that RAN4 starts working on further analyses for new carrier type design and related RAN4 requirement implications especially on UE RRM requirements in order to be able to provide feedback to RAN1 before RAN1 has concluded the new carrier type design.
2. New carrier types and LTE CA deployment scenarios
Five carrier aggregation deployment scenarios have been defined in Release11 in [3]. Each scenario has its special characteristics and implications if new carrier types are defined for and deployed in this scenario. 
Before finalizing new carrier type design we would like assumptions and expected UE procedures and requirement implications to be clarified a bit further. 

TS36.300 V11.0.0 [3] defines the following LTE CA Scenarios. It is our understanding all of these scenarios should be supported by LTE Release11. However, the need for new carrier type optimizations depends greatly on what needs to be assumed for a given scenario. 
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CA Scenario #1









CA Scenario #2
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CA Scenario #3









CA Scenario #4
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CA Scenario #5

Figure 1 LTE CA Scenarios in Release 11
One important assumption, which limits how much common control channel overhead can be reduced, is how well SCells with new carrier type are synchronized with the corresponding PCell. As also indicated by the earlier RAN WG1 working assumptions, from the UE receiver point of view we can roughly divide scenarios to synchronous and asynchronous cases. 
Synchronous cases can be considered to be such that the UE does not need to perform cell identification of a SCell but instead all the necessary information and also sufficiently accurate timing of the Scell is obtained through PCell. In this case it is sufficient that that the UE performs necessary time and frequency tracking and other necessary channel estimation related procedures for demodulation purposes. 
All other cases can be considered being asynchronous meaning that the UE needs to continuously search for and identify and measure a new candidate cell for SCell configuration and activation purposes before the UE can start using this cell for demodulation purposes and do time and frequency tracking and other normal channel estimation procedures. For cell identification and level measurement purposes the UE may use PSS, SSS and CRS as earlier discussed in RAN4 when the corresponding UE cell identification requirements were defined in TS36.133. 
For instance in the RAN1 contribution [4] it was considered that transmitting PSS and SSS would be sufficient for neighbour cell identification. However, as the UE cell identification requirements in TS36.133 do not specify any specific UE implementation, some UE implementations may utilise CRS for verifying a cell as part of cell identification process. Furthermore, TS36.133 assumes that when the UE has identified a cell within the cell identification minimum requirements, the UE has also perform sufficient CRS based level measurements (RSRP or RSRQ) meaning that RS measurements are integral part of the UE cell identification requirements. Thus, removing CRS from new carrier type cells and especially the CRS on the middle 6 PRBs would mean changes to the UE cell identification and level measurement implementations and RAN4 UE minimum requirements. It also worth noting that although probably not likely in practical UE implementations, UE implementations for cell identification would also be allowed to rely solely on CRS. RAN1 synchronization studies and simulations (e.g. in [5]) so far have mainly focused on time and frequency synchronization tracking rather than investigating the performance and UE implications of initial and neighbour cell identification and neighbour cell level measurements. 

Apart from the LTE CA scenario #1 in Figure 1 including inter-band operations provided that sufficient power balancing is done for cells on F1 and F2 and network ensures sufficient synchronicity over these two different bands, all other LTE CA scenarios 2-5 are typically asynchronous unless extra effort is put to the network for ensuring synchronicity and providing necessary information to the UE through the serving PCell. In order to limit the number of different new carrier types and differences in the way how new carrier types are deployed it would be good to understand operators’ practical deployment scenarios and whether it is realistic to assume that the UE does not need to perform cell identification for cells on a carrier with new carrier type. From the UE and system complexity point of view it would be important to limit the number of new carrier type configurations. 
In addition to typical new carrier type deployment scenarios and assumptions about synchronicity it would be good to understand how dynamically the configurations of new carrier type cells could vary before concluding new carrier type design.  
Furthermore, in order to ensure future proof solutions and avoid non-backwards compatible new carrier type again in the next release it would be good consider whether new carrier type should remain as SCell only or whether stand-alone operations could be considered in the future. An easy way to allow for stand-alone operations would be to keep a possibility for performing neighbour cell identifications and level measurements on new carrier type. If new carrier types are optimized mainly for synchronous case (where significant common channel reductions can be achieved) only, we will limit possibilities for stand-alone operations in the future. 
3. Conclusions 
In this contribution we have discussed how synchronous scenarios like LTE CA Scenario #1 would enable much more common channel reduction than asynchronous cases as in sync cases it would be possible to rely on PCell carrier for all UE mobility, SCell configuration and activation measurements (including neighbour cell identification as well). The number of scenarios, where neighbour cell identification and level measurements can be fully avoided on SCell carrier, may however be limited in practice and thus, it would be good to understand whether it is worth it to optimize new carrier type for synchronous scenarios.
In asynchronous cases opportunities for common channel reduction especially within the 6 PRBs are quite limited unless significant changes to the UE implementations and even physical layer design is planned. If common channel reductions for the middle 6 PRBs are considered further by RAN1 for asynchronous case, it would be important forRAN4 to start investigating how much UE cell identification and neighbour cell level measurement (like RSRP and RSRQ) requirements would need to be relaxed with given common control channel reduction. In addition to totally avoid transmitting some common channels like CRS at least in certain scenarios also reductions of time periodicity of common channels like PSS and SSS are discussed in RAN1. 

Since new carrier type design has clear impacts on UE mobility support and it is expected to reduce UE performance, we would propose that RAN WG1 would communicate its working assumptions on new carrier type and for which scenarios new carrier types are planned to other RAN WGs for review. In order to align analyses in different RAN WGs we would also like to propose that RAN1 also makes working assumptions on how dynamically the configurations of new carrier type cells could vary. Through early communication with other RAN WGs it is possible to ensure that assumptions for new carrier type design and deployments will be aligned between the RAN WGs.

Proposal: Since new carrier type design has clear impacts on UE mobility support and it is expected to reduce UE performance and thus impact UE requirements in TS36.133, we would propose RAN4 to start studying performance and UE implementation implications of new carrier type design considered further by RAN1.
Furthermore, in order to ensure future proof solutions and avoid non-backwards compatible new carrier type again in the next release it would be good to consider well in advance whether new carrier type should remain as SCell only or whether stand-alone operations could be considered in the future. Stand-alone operations could be allowed by keeping a possibility for performing neighbour cell identifications and level measurements on new carrier type. If new carrier types are optimized mainly for synchronous case (where significant common channel reductions can be achieved) only, we will limit possibilities for stand-alone operations in the future. 
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