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1 Introduction
In RAN1#61 meeting, a baseline for PCFICH for cross-carrier operation was agreed:

· Signalling of one value by RRC, with Alt 1 - In case of cross-carrier scheduling, the UE shall always follow the “newly-standardised solution” for ascertaining the PDSCH starting position on the CC carrying the PDSCH.
It was also agreed that further study is needed until RAN1#61bis on:

· Whether other solutions are necessary

· Whether more than one value (for different sets of subframes) signalled by RRC is necessary (ultimately the responsibility of RAN2 – LS would be sent to RAN2)

In this contribution, we present our views on the remaining issues identified for further study. In particular, we provide the motivation on the need for more than one value to be signalled by RRC. Specifically, we propose that two CFI values to be indicated for two different sets of subframes. In this paper, we shall label the baseline design of one value by RRC as Option 1 and the alternative as Option 2. 
Option 1: One value by RRC

Option 2: Two values, with each value corresponding to a different set of subframes, signalled by RRC 
Note that the need to consider Option 2 was first discussed in [2].
2 Revisiting the Het-Net deployment scenario
The motivation for introducing cross-carrier scheduling was control channel protection in the heterogenous network (Het-Net) deployment with multiple carriers.  Figure 1 shows a typical two-carrier Het-Net deployment with carrier-aggregation-based ICIC. In this particular example, CC#1 of the macro eNB is configured as the Primary Component Carrier (PCC) for the macro UE due to its larger transmission power and hence larger coverage; CC#0 of the pico/femto eNB is configured as the PCC for the pico/femto UE because the corresponding control channel is free from interference from the macro eNB.
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Figure 1: Heterogeneous network with two carriers
In order to protect the control channel of the Secondary Component Carrier (SCC) of the pico/femto eNB and/or the control channel of the PCC of the macro eNB, cross-carrier scheduling can be configured as shown in Figure 2. 
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Figure 2: Cross-carrier scheduling
Focusing on the pico/femto cells, to determine the CFI value for pico/femto SCC, the CFI value should be such that the starting PDSCH symbol in pico/femto SCC is equal or greater than the number of PDCCH symbols in the macro PCC so that interference from the data region of the pico/femto SCC to the control region of the macro PCC can be avoided. It has been mentioned in numerous papers such as [4] that the appropriate CFI value to be set in this case is the maximum value which is 3. 
We also assume that the MBSFN subframe configuration can be set differently for each carrier of the macro and the pico/femto eNBs. Furthermore, the MBSFN subframe configuration of a carrier can also be different for two adjacent eNBs (already possible in Rel-8/9).
In Rel-10, MBSFN subframe has more functions compared to that in Rel-8/9. Apart from carrying PMCH, other functions of MBSFN subframe include:
1. MBSFN subframe can be used for unicast transmission (PDSCH) for Rel-10 UEs – beneficial for enhanced data rate from reduced CRS overhead in the data region
2. MBSFN subframe can be used as the backhaul link between a donor eNB and a relay node 
3. MBSFN subframe can be used to achieve time-domain energy saving when the load of the cell is low. 

Therefore, it is clear that the configuration of MBSFN subframes will be more common in LTE-Advanced networks compared to LTE Rel-8/9 networks.
Focusing again on CC#1 of the macro eNB and the pico/femto eNB, one of the four combinations of subframe type is possible at a given time as shown in Table 1.
Table 1: Subframe combinations for macro PCC and pico/femto SCC

	
	Macro PCC
	Pico/femto SCC

	Case A
	Normal subframe
	Normal subframe

	Case B
	Normal subframe
	MBSFN subframe

	Case C
	MBSFN subframe
	Normal subframe

	Case D
	MBSFN subframe
	MBSFN subframe


Since the MBSFN subframe configurations may be set differently for the macro cell and the pico/femto cell, the subframe combination (from Case A to Case D) can change dynamically on a subframe basis (see Figure 3). However, since the MBSFN subframe configurations for both cells are semi-static, the subframe combination “pattern” repeats every frame or every integer multiple of frames.
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Figure 3: Illustration of subframe combination changing dynamically over time
(N = Normal subframe, M = MBSFN subframe)
3 Comparison of Option 1 (one value by RRC) and Option 2 (more than one value – for different set of subframes, by RRC)
In this section, we compare Option 1 and Option 2, in particular their effectiveness when used in the Het-Net deployment scenario detailed in the previous section. 

First of all, note that in the following discussions, we assume the neighbouring eNBs’ MBSFN subframe configuration information can be shared. It is already possible for LTE eNBs in Rel-9 [1] whereby MBSFN subframe configuration information can be shared between two eNBs via X2 interface.
Let’s continue to focus on the macro PCC and the pico/femto SCC. With Option 1, one CFI value is configured by RRC regardless of the subframe combination. As mentioned in the previous section, the appropriate CFI value mentioned by several companies is 3. The main issue with Option 1 is that the pico/femto eNB is not able to exploit the information on the MBSFN subframe configuration of the macro PCC that it knows about when setting the CFI value of its own SCC. This can unnecessarily result in wasted resource, as illustrated in Figure 4 for Case C. In this case, the Macro PCC has been configured to be an MBSFN subframe and hence the maximum number of control symbols is 2 according to the Rel-8/9 specifications. Deviation from this number is undesirable since it would mean breaking the backward compatibility for Rel-8/9 UEs. 
An alternative under Option 1 is for the pico/femto eNB to set the CFI value as 2 to harness the additional resources when the subframe of the macro PCC is MBSFN subframe but this would cause interference to the control region of the macro PCC when the macro PCC subframe is a normal subframe with 3 control symbols (this is highly likely considering the macro CC#1 is likely to be the PCC for many Rel-10 macro UEs as well as the carrier of choice for camping for Rel-8/9 UEs). In addition, there is also interference from the macro PCC to the overlapped data region in the pico/femto SCC. This scenario is illustrated in Figure 5.
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Figure 4: Wasted resources in Case C if CFI of pico/femto SCC is set to 3 under Option 1
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Figure 5: Interference in Case A if CFI of pico/femto SCC is set to 2 under Option 1
By contrast, Option 2 allows the pico/femto eNB to exploit the information on the MBSFN subframe configuration of the macro PCC that it knows about when setting the CFI value of its own SCC, without causing interference between the macro cell and the pico/femto cell. 
Referring to Figure 6 for example, Option 2 can set CFI = 2 for subframe {1, 2, 6, 8} and CFI = 3 for subframe {0, 3, 4, 5, 7, 9}. The UE will use the same setting for every frame until it is reconfigured by RRC.
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Figure 6: Two CFI values by RRC signalling – separate value for separate set of subframes 

(Option 2)
The system performance gain of Option 2 over Option 1 generally depends on the number of MBSFN subframe configured in the macro PCC. For simplicity, assume CFI=3 for Option 1. For Option 2, the CFI value of the pico/femto SCC is assumed set to be 2 for Case C and D (MBSFN subframe in the macro PCC), and the CFI value is 3 for Case A and B (normal subframe in the macro PCC). They are considered to be typical values. For an FDD system, with maximum of 6 subframes configured as MBSFN subframes in a frame in the macro PCC of 3, 5, 10, 15 and 20MHz, approximately 5.45% (6 OFDM symbols/110 OFDM symbols in a frame) additional PDSCH resource per pico/femto cell is gained in a frame compared to Option 1. In the case of 1.4MHz carrier bandwidth approximately 12% (12 OFDM symbols/100 OFDM symbols in a frame) additional PDSCH resource per pico/femto cell is gained. Note also that the absolute resource gain is directly proportional to the number of pico/femto cells deployed within the coverage of the macro cell. Therefore, the significant system gain cannot be ignored.
4 Conclusions
In this contribution, we provided the motivation on the need for more than one cross-carrier CFI value to be signalled by a single RRC signalling instance; in particular we propose that two CFI values can be indicated, each value corresponding to a different set of subframes.
We revisited the Het-Net deployment scenario taking in account possible independent configuration of MBSFN subframes in the macro cell and the pico/femto cell. We pointed out the inefficiency of one-value RRC signaling. In particular, we illustrated with examples that the main issue with one-value RRC signalling is that the pico/femto eNB is not able to exploit the information on the MBSFN subframe configuration of the macro cell that it knows about when setting the CFI value of its own cell. 

We showed that providing the capability to signal two CFI values via RRC (each CFI value corresponding to different set of subframes) allows the pico/femto eNB to exploit the information on the MBSFN subframe configuration of the macro cell when setting the CFI value of its own cell, without causing interference between the macro cell and the pico/femto cell. As the MBSFN subframe configuration only changes infrequently (semi-static), RRC signalling mechanism is sufficient.
The gain in additional resource for the pico/femto cell is up to approximately 5.45% for 3, 5, 10, 15 and 20MHz carrier bandwidth. In the case of 1.4MHz carrier bandwidth, the gain is up to 12%. We note that the absolute resource gain is directly proportional to the number of pico/femto cells deployed within the coverage of the macro cell. Therefore, the significant system gain cannot be ignored.

In conclusion, we propose RAN1 to adopt for cross-carrier CFI signalling: Two CFI values, with each value corresponding to a different set of subframes, are signalled by RRC. 

The details of RRC signalling design can be decided in RAN2.
5 References
[1] R3-101161 “TS36.423 CR0341R2 Addition of MBSFN information on X2 interface”, CATT, ZTE, CMCC

[2] R1-103052 “Cross-carrier CFI signalling” NEC Group

[3] R1-100298 ‘Energy saving at eNB”, NTT DOCOMO

[4] R1-102605 “Further discussion on PCFICH for carrier aggregation”, Ericsson, ST-Ericsson
