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1   Introduction

The following agreements were reached on Rel-11 new carrier type during RAN1#66-bis and RAN1#67:
RAN1#66-bis

Working assumptions: 

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

RAN1#67

Conclusion:

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. 

In this contribution we present our general preferences with respect to reduced/eliminated legacy control signalling and/or CRS in different carrier aggregation scenarios.
2   Considerations on deployment scenarios for Rel-11 new carrier type
In the design of new carrier type for Rel-11, mobility measurements (including neighbour cell identification and level measurements) and maintenance of synchronization are key issues. In RAN1#67 several companies pointed out that common signals cannot be fully disabled in a generic solution [1] [2]. Common channels with same or similar functionality as CRS, PSS, SSS and PBCH would anyway be needed on the new carrier type, especially in the case of unsynchronized deployments where PCell cannot be solely used for UE neighbour cell identification and RSRP and RSRQ measurement purposes.
In our view there is no reason to specify new L1 channels to replace the existing common signals. Rel-11 specifications should aim at maximizing the re-use of existing UE implementation (cell identification, synchronization procedures, RRM measurements, etc.). At this scope, please note the results in [3] showing that CRS even with reduced transmission bandwidth would be enough to maintain time and frequency synchronization on new carrier type.
Therefore we propose that no new common signals are standardized to support cell identification, synchronization procedures, RRM measurements, etc. on new carrier type. Rel-11 specifications should try to utilize existing physical layer procedures and common signals as much as possible, but make the control channels more flexible in order to achieve the targeted gains in RAN1#66-bis.
Proposal 1: There is no need to specify new common signals or channels to support cell identification, synchronization procedures, RRM measurements, etc. on new carrier type. Rel-11 specifications should utilize existing physical layer procedures and common signals as much as possible, but allow for more flexible configuration.
More details about the new carrier type assumptions and scenarios and the implications with operation in unsynchronized case are given in [4].
3   Configurability/removal of common channels

3.1   PDCCH 

It should at least be possible to configure the new carrier type without a PDCCH region so that PDSCH could be transmitted also in the first OFDM symbol of a subframe as this would increase the capacity of the shared channel as well as decrease the dependency on CRS.  As an alternative to cross-carrier scheduling from the corresponding PCell, ePDCCH can be used to schedule transmission on the new carrier type.
Proposal 2: On new carrier type, the first OFDM symbol of a subframe can be used for PDSCH transmission.
3.2   PSS/SSS/PBCH 

We propose to introduce the possibility to remove PSS/SSS/PBCH on new carrier type. This should at least be possible without major implications to UE implementation in synchronized deployments of the new carrier type. On the other hand, in unsynchronized deployments it is difficult to see how physical layer channels needed for cell identification purposes could be avoided, or what would be benefit of redesigning those [4]. Therefore our current view is that for unsynchronized deployments L1 channels needed for cell identification should be kept unchanged. That means, at least two configurations should be supported on new carrier type: no PSS/SSS/PBCH transmission (mainly for synchronized deployments) and legacy PSS/SSS/PBCH transmission (for unsynchronized deployments).
Proposal 3: It should be possible to configure PSS/SSS/PBCH transmission on new carrier type. At least two configurations should be supported: no PSS/SSS/PBCH transmission (for synchronized deployments) and legacy PSS/SSS/PBCH (for unsynchronized deployments).
Configurations allowing for longer time interval between PSS/SSS/PBCH transmissions on new carrier type (compared to backward compatible carriers) could also be considered.
4   CRS reduction in time and frequency domain
CRS reduction in frequency and time domain should be supported in new carrier type. Next is our proposed way forward:

· Allow limitation of CRS transmission to a subset of all the subframes.
· Allow limitation of CRS transmission to a fraction of the system BW. Only the CSI-RS will span the whole system BW

The sensible minimum density in both time and frequency needs further study taking into account e.g. RAN4 requirements. The supported time and frequency configurations (and the way to switch among different configurations) are FFS (though the number of supported configuration should probably be kept quite low to limit UE complexity).
Some additional thoughts on reduced CRS transmission are reported in the following sections.
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Figure 1 Example of common channels/signals transmission on new carrier type with reduced CRS transmission in time and frequency domain
4.2   CRS reduction in time domain 

Configurable and reduced CRS transmission in time domain should be considered for new carrier type, the main reason being possible energy savings in the eNodeB from being able to completely switch off RF transmission during some subframes on new carrier type [5] as well as improved possibilities for interference management in e.g. HetNet scenarios. 
Note that CRS reduction in time domain is not completely new and something similar can already be done with MBSFN subframes on legacy carriers (though in this case CRS still need to be transmitted in the control region). Now, assuming that PDCCH is not transmitted on new carrier type it should also be possible to remove CRS in the control region, in which case completely blank subframes will be available on new carrier type. If common control channels are also not configured, additional flexibility in MBSFN configuration would be possible. On the other hand, it should be noticed that completely blank subframes might have some impacts to the RAN4 requirements.
Proposal 4: New carrier type should support configurable and reduced CRS transmission in time domain, which in practice means that there should be subframes with no CRS transmission at all. Specific details are FFS.
The CRS time densities that could be supported in Rel-11 new carrier type are FFS. Potential reference configurations could be based on:
· TDD configuration 0 (2/10 DL + 2 special subframes)

· MBSFN subframe configuration (4/10 in FDD)

4.2   CRS reduction in frequency domain 

Configurable and reduced CRS transmission should also be supported in frequency domain, at least to some extent. We propose to introduce in the specifications the possibility to configure the CRS bandwidth while keeping the legacy CRS structure within a PRB. For example, it should be possible to configure the new carrier type so that CRS are transmitted only on the central X PRBs. The value of X should be configurable. The configured CRS bandwidth should be enough to maintain synchronization and to support existing procedures like RRM measurements, etc. Only CSI-RS will cover the whole channel BW (see Figure 1). Concerning the possible values of X, Rel-8 system bandwidth should be considered as the baseline, i.e. X = [6, 15, 25, 50, 75, 100]. It is FFS which values are supported, and if (in synchronized deployments) X = 0 should also be considered.
Note that the benefit of maintaining at least 6 PRB CRS bandwidth is that impact to cell search procedure and RRM measurements in the UE is avoided/minimized, which is particularly important in unsynchronized deployments transmission. 
Proposal 5: New carrier type should support configurable and reduced CRS transmission in frequency domain. It should at least be possible to configure new carrier types so that CRS are transmitted only on the central X PRBs. The value of X is configurable, however at least 6 PRB CRS bandwidth should be guaranteed in unsynchronized deployments. 
5   Summary
Proposal 1: There is no need to specify new common signals or channels to support cell identification, synchronization procedures, RRM measurements, etc. on new carrier type. Rel-11 specifications should utilize existing physical layer procedures and common signals as much as possible, but allow for more flexible configuration.
Proposal 2: On new carrier type, the first OFDM symbol of a subframe can be used for PDSCH transmission.
Proposal 3: It should be possible to configure PSS/SSS/PBCH transmission on new carrier type. At least two configurations should be supported: no PSS/SSS/PBCH transmission (for synchronized deployments) and legacy PSS/SSS/PBCCH (for unsynchronized deployments).
Proposal 4: New carrier type should support configurable and reduced CRS transmission in time domain, which in practice means that there should be subframes with no CRS transmission at all. Specific details are FFS.
Proposal 5: New carrier type should support configurable and reduced CRS transmission in frequency domain. It should at least be possible to configure new carrier types so that CRS are transmitted only on the central X PRBs. The value of X is configurable, however at least 6 PRB CRS bandwidth should be guaranteed in unsynchronized deployments. 
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