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1 Introduction
Between RAN1#60 and RAN1#60bis, an email discussion was kicked off to discuss the standardised solution required to support providing CFI values to define starting positions of PDSCH on a cross-CC scheduled CC. 
In RAN1#60bis,

· It is agreed that the PDSCH starting position on a cross-scheduled CC can be different from the CFI value on the CC carrying the PDCCH.

· Note that also the PDSCH starting position on a cross-scheduled CC may be different from the CFI value on the CC carrying the PDSCH.

· If the PDSCH starting position on a cross-scheduled CC is agreed to be RRC signalled, then all Rel-8 CFI values are supported as PDSCH starting positions on a cross-scheduled CC. This value can be different from the CFI value on the CC carrying the PDCCH.

The motivation for introducing cross-carrier scheduling was control channel protection in the heterogenous network deployment with multiple carriers. Keeping this in mind, we share our views on the following two issues:
Issue 1: Whether all or only a subset of Rel-8 CFI values (i.e. {1, 2, 3}) are supported to define starting positions of PDSCH on a cross-CC scheduled CC

 

Issue 2:  Which solution is standardized to provide the CFI to be assumed by the UE for the reception of cross-scheduled PDSCH?
There are two main subframe types, namely the normal (or non-MBSFN) subframe and the MBSFN subframe. In Rel-10, the MBSFN subframe can be used to carry PMCH or PDSCH. Analyses from companies so far have typically assumed the same subframe type, i.e. the normal subframe, for all the carriers. However, configuring the same subframe type for all carriers may not be sensible for the following reasons:

1. For MBSFN subframes carrying PMCH, it may not be sensible to assume all carriers transmitting PMCH simultaneously

2. Common MBSFN subframe configuration for all carriers means that no legacy UEs can be scheduled on any carrier for a particular time instance. This imposes severe scheduling restriction.

3. It may be useful to have certain carrier(s) exclusive to Rel-10 UEs by disallowing Rel-8/9 UEs from camping on certain carriers. For example, in the heterogenous network deployment, if a carrier is experiencing from high interference, it may be beneficial to forbid Rel8/9 UE camping. Since there is no need to serve Rel-8/9 UEs on the carrier, more subframes can be configured to be MBSFN subframes for unicast transmission for optimised Rel-10 performance. 

Therefore, it is reasonable to assume that the MBSFN subframe configuration can be done differently for each carrier. Furthermore, the MBSFN subframe configuration of a carrier can also be different for different neighbouring eNBs (already possible in Rel-8/9). 
In this contribution, we investigate the issues of cross-carrier CFI signalling by examining the use cases and by analysing of the advantages and disadvantages of various solutions identified accordingly. Importantly, we address the issues by also take into account the possibility of MBSFN subframes (for PMCH or for unicast transmission) being configured differently for each carrier and for each neighbouring eNB.
2 Discussions
2.1 Issue 1:  Whether all or only a subset of Rel-8 CFI values (i.e. {1, 2, 3}) are supported to define starting positions of PDSCH on a cross-CC scheduled CC

Consideration on bandwidth utilisation
Allowing all CFI values (i.e. {1,2,3}) to be supported is beneficial in improving the bandwidth utilisation of the system because the network is free to set the optimal CFI value as it sees fit depending on the deployment scenario and the cell load. Consider the heterogenous networks with multiple carriers as shown in Figure 1, the analysis in [5] concluded that CFI values of either 1 or 3 are sufficient for most use cases of interest assuming semi-static signalling of CFI. However, in case the load of the macro cell is typically low for a long period of time, CFI value of 2 may be sufficient (Figure 2). Adopting an over-conservative approach is not efficient for all cases.
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Figure 1: Heterogeneous network with two carriers
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(a) High load in macro carrier #1


(b) Low load in macro carrier #1
Figure 2: CFI adapting to different cell load
Consideration on MBSFN subframe configuration
Moreover, it is also important to consider the case where MBSFN subframes are configured. If the MBSFN subframe configuration of the macro cell is also known at the pico/femto cells (e.g. broadcasted by the macro eNB), ability to signal CFI = 2 is beneficial to minimise the throughput loss in the pico/femto cells, since CFI = 2 is a common value for MBSFN subframes (Note: for MBSFN subframes, CFI = 1 or 2 for 1 or 2 TX antennas, CFI = 2 for 4 TX antennas. For 1.4 MHz, CFI=1 for all TX antennas).
Consideration on signalling overhead

The set of Rel-8 CFI values contains only 3 values, hence the overhead to signal all 3 values is small. The overhead required to support all CFI values is not a significant issue if a semi-static RRC signalling solution is adopted. Depending on the design, the overhead may not be significant for a DCI signalling solution as well [2]

 REF _Ref257037908 \n \h 
[3]. 

Based on the above reasons, we recommend that all of Rel-8 CFI values (i.e. {1, 2, 3}) are supported to define starting positions of PDSCH on a cross-CC scheduled CC.
Recommendation 1: All of Rel-8 CFI values (i.e. {1, 2, 3}) are supported to define starting positions of PDSCH on a cross-CC scheduled CC.
2.2 Issue 2:  Which solution is standardized to provide the CFI to be assumed by the UE for the reception of cross-scheduled PDSCH?
Currently, two main proposals are under consideration:

· Semi-static RRC signalling

· DCI Signalling
Semi-static vs dynamic signalling

Focusing on heterogenous network deployment with multiple carriers, analyses e.g. in [4]

 REF _Ref257040072 \n \h 
[5] show that dynamic signalling of CFI values is not required. The advantage of dynamic CFI signalling is to avoid throughput degradation caused by the inflexibility of semi-static or fixed CFI configuration. However, the effectiveness of dynamic CFI signalling is diminished by the fact that dynamic coordination of scheduling information on subframe basis among the eNBs is not possible. For example, referring to Figure 1 and Figure 3, the start of data region by the macro eNB in carrier #1 can vary from subframe to subframe according to the load of the control channel, but such scheduling information cannot be conveyed to the pico/femto cells on a subframe basis. Any mismatch of the starting OFDM symbol for data region between the macro cell and the pico/femto cells causes either waste of bandwidth or inter-cell interference.
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Figure 3: Mismatched CFI between the macro carrier #1 and pico/femto carrier #1
Consideration on MBSFN subframe configuration

Although sharing of the dynamic scheduling information among the eNBs is not possible, the neighbouring eNBs’ MBSFN subframe configuration information, which only changes semi-statically, can be shared via X2 interface; this is already possible for LTE eNBs in Rel-9 [6]
. The implication is as follows:

1. If the subframe type of carrier #1 of the pico/femto eNB is a normal subframe but the subframe type of carrier #1 of the macro eNB is an MBSFN subframe (for PMCH or unicast transmission) as shown in Figure 4(a), for carrier #1 of the pico/femto eNB, the start of the data region for should adapt to the MBSFN subframe configuration for carrier #1 of the macro eNB. 
a. The change of subframe type is dynamic in time; therefore, applying a fixed CFI value for a long period of time is inefficient. 
i. For FDD, subframe 0, 4, 5 and 9 must be normal subframes whereas subframe 1, 2, 3, 6, 7 and 8 can be MBSFN subframes. 

ii. For TDD, DL subframe 0, 1, 2, 5, and 6 are non-MBSFN subframes whereas DL subframe 3, 4, 7, 8 and 9 can be MBSFN subframes.

b. Typically, CFI values change between 2 and 3 (for all bandwidths other than 1.4MHz), or between 1 and 3 (for 1.4MHz carrier).
i. Let’s assume 6 subframes are configured as MBSFN subframes in macro carrier # 1 for a FDD system. Approximately 10.71% (12/112) resource is lost on average if CFI=3 is assumed always for 1.4MHz carrier whereas approximately 5.17% (6/116) is lost on average for all other bandwidths.

2. If the subframe type of carrier #1 of the pico/femto eNB is an MBSFN subframe (for unicast transmission) but the subframe type of carrier #1 of the macro cell is a normal subframe as shown in Figure 4(b), for carrier #1 of the pico/femto eNB, the start of the data region should be 4th OFDM symbol (or 5th OFDM symbol for 1.4MHz) if a conservative approach to inter-cell interference management is adopted, assuming high load for the macro cell. 
a. This implies that the start of the data region for MBSFN subframe in Rel-10 may need to be different from the current Rel-8/9 assumption. 
b. The CFI for pico/femto carrier #1 is UE-specific in general. For example, in case Rel-8/9 UEs are still supported in the pico/femto carrier #1, or if there other Rel-10 UEs not configured for cross-carrier scheduling camping on the pico/femto carrier #1, e.g. if they are close to the pico/femto eNB, the CFI assumed by different UEs can be different.
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Figure 4: Different subframe type for macro cell and pico/femto cell
The MBSFN subframe configuration of a cell, specified in SIB2, can be for one frame (6 bits) or for four consecutive frames (24 bits). Therefore, we suggest that the standardised solution of cross-carrier CFI signalling should be able to specify separate CFI values of all subframes for a frame or for four consecutive frames. In case the target carrier is an MBSFN subframe, the cross-carrier CFI value should also override the Rel-8/9 CFI assumption for an MBSFN subframe or the value signalled in PCFICH (if any) in the target carrier to address the problem as explained before (shown in Figure 4(b)).
Proposed solution

Due to the semi-static nature of the MBSFN subframe configuration, our view is that semi-static RRC signalling approach is sufficient. A potential solution is to signal separate CFI value to be assumed by the UE for each subframe for one frame, or for four consecutive frames. The UE assumes the same set of CFI values is applied for every other one or four frames until the next RRC reconfiguration. 
If signalling overhead reduction is desired, the CFI values can be limited to 2 or 3 (1 or 3 for 1.4MHz carrier) since they are the typical CFI values in this case, so only one bit is needed to represent the CFI value of a subframe.
As the MBSFN subframe configuration is optional, if there is no MBSFN subframe configured by the macro eNB, semi-static configuration of CFI to be 1,2 or 3 for the whole time period between two RRC (re)configuration should still be possible. Therefore, we recommend considering RRC signalling that can effectively configure one of the following for the cross-carrier CFI: 

· CFI = 1
· CFI = 2

· CFI = 3
· Separate CFI values {2 or 3} for each subframe for one frame
· Separate CFI values (2 or 3) for each subframe for four frames
Figure 5 illustrates the proposed RRC signalling solution. 
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Figure 5: The CFI value for each subframe can be different according to the RRC signalling (proposed solution)
Recommendation 2:  Semi-static RRC signalling for cross-carrier CFI is adopted. RRC signalling should be able to provide separate CFI values {2 or 3} for each subframe for one or four frames. The UE assumes the same set of CFI values is applied for every other one or four frames until the next RRC reconfiguration.
3 Conclusions
In this contribution, we consider the design of cross-carrier CFI signaling by examining the use cases and by analysing of the advantages and disadvantages of various solutions identified accordingly. Importantly, we also take into account the possibility of MBSFN subframes (for PMCH or for unicast transmission) being configured differently for each carrier and for each eNB.
Based on our analyses, we have the following recommendations:
Recommendation 1: All of Rel-8 CFI values (i.e. {1, 2, 3}) are supported to define starting positions of PDSCH on a cross-CC scheduled CC.
Recommendation 2:  Semi-static RRC signalling for cross-carrier CFI is adopted. RRC signalling should be able to provide separate CFI values {2 or 3} for each subframe for one or four frames. The UE assumes the same set of CFI values is applied for every other one or four frames until the next RRC reconfiguration.
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� Although currently no X2 interface is specified between the macro eNB and the femto eNB, it is foreseeable that some sort of communication channel between the macro eNB and the femto eNB may be specified to enable advanced ICIC in future releases.





