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1 Introduction

For carrier indicator field (CIF), according to the discussion at RAN1#60th meeting there are still some issues for further study, including that [1]:
· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF always.
· Further discussion on:
· Reconfiguration issue raised by Panasonic / NTT DoCoMo.
· Handling of overlap between common and UE-specific search spaces.
In this paper, RRC reconfiguration issue is first analyzed, based on which some possible ways are given to resolve the DCI payload size ambiguity brought by the overlap between the search spaces with and without CIF.
2 Issues during RRC reconfiguration period
According to the RRC reconfiguration procedure in Rel-8, UE would start the new configuration once it correctly receives the RRC reconfiguration signalling, and eNB confirms whether the reconfiguration is successful or not, only when it receives the RRCConnectionReconfigurationComplete signalling feedback from the UE. Typically, this period can be varied from 20ms to 200ms. So eNB has the scheduling ambiguity during the RRC reconfiguration period when eNB and UE may have an inconsistent interpretation for transmitting and decoding the scheduling grants. Taken transmission mode switching in Rel-8 done by RRC reconfiguration signalling as an example, DCI format 0/1A, which exists in all transmission modes, can be used to achieve the smooth transition for scheduling during transmission mode switching period.
In Rel-10, two kinds of scheduling ambiguity brought by RRC reconfiguration signalling related to carrier aggregation can be observed as following:

a) When the UE DL component carrier (CC) set is reconfigured by eNB under the cross-carrier scheduling enable mode such as CC adding or CC removing.  
b) When the UE is switched between idle state to connected state of cross-carrier scheduling, or between the scenario of same-carrier scheduling to that of cross-carrier scheduling.
For both a) and b), one feasible scheme which can be used for smooth scheduling during RRC reconfiguration period is what has been agreed at RAN1 #60th meeting that,

· C-RNTI scrambled DCI format 0/1A without CIF in CSS. 
As the reconfiguration is not occurred so frequently the capacity of the CSS may not be a big issue.

Another potential scheme is proposed where, 
· CIF is not added to PDCCH in UE-specific search space (UESS) which assigns the same DL CC and paired UL CC in case of cross-carrier scheduling [2][3]. This scheme can cause the DCI format ambiguity due to UESS overlapping, the cases of which will be more than that of CSS and UESS overlapping.
For b), one additional solution could be considered:

· Depending on the CIF mapping by implementation of eNB, where at least one CC should operate during reconfiguration of the CI-to-CC mapping [4]. 
As illustrated in Fig. 1, when eNB reconfigures the UE DL CC set from {CC0, CC1, CC2} to {CC2, CC3, CC4}, then CI-to-CC2 mapping is reserved invariably to keep smooth scheduling during RRC reconfiguration period. Therefore, eNB is in control on updating the UE DL CC set such that at least one CC could function during RRC reconfiguration period. 
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Fig. 1.  CI-to-CC mapping during RRC reconfiguration period
According to the discussion above the DCI format 0/1A scrambled with C-RNTI transmitted in CSS without CIF can be used for smooth scheduling during RRC reconfiguration period plus at least one CC should operate during CC set update under the cross-carrier scheduling enable mode could resolve the reconfiguration issue. In addition, eNB can select not to schedule the UE at the ambiguity period. So there is no need to have additional standard solutions to resolve the scheduling ambiguity between eNB and UE during the RRC reconfiguration period.
Observation: Implementation method could be used to resolve the scheduling ambiguity between eNB and UE during the RRC reconfiguration period.
3 Handling of overlap between search spaces
3.1 Issues for DCI format ambiguity due to search space overlapping
Considering that different search spaces (e.g., CSS and UESS) can be overlapped, the DCI format ambiguity will occur if the PDCCHs in the search spaces with and without CIF have the same payload size in the overlapped area due to the possible different bandwidths among aggregated CCs. It can result that UE may correctly decode the PDCCH corresponding to a wrong PDSCH/PUSCH CC and then leads to the DL HARQ buffer corruption or introduces UL interference. The overlapping probabilities of CSS and UESS for different bandwidth are given in Table 1.
                                      Table 1: Overlapping probability of CSS and UESS
	
	1.4M
	3M
	5M
	10M
	15M
	20M

	UESS CCE (maximum OFDM symbols)
	6
	12
	20
	40
	60
	80

	CSS CCE
	6*
	12*
	16
	16
	16
	16

	overlapping probability of CSS and UESS
	100%
	100%
	16/20=80%
	16/40=40%
	16/60=27%
	16/80=20%


*Note: if total CCE number is M less than 16, then the size of CSS is M accordingly.
From the table we can see that the overlapping probability is rather high, especially for the scenarios of small bandwidth.

Scenario (a): For overlap between search spaces, there are two scenarios. One scenario for the DCI format ambiguity issue is shown in Fig. 2(a), where PDCCH scheduled in CSS is without CIF both during the RRC reconfiguration period between idle state to connected state of cross-carrier scheduling, or between the scenario of same-carrier scheduling to that of cross-carrier scheduling, and after the RRC reconfiguration period when eNB has received the RRCConnectionReconfigurationComplete signalling feedback from UE. So the DCI format ambiguity due to overlapping between CSS and UESS is always existed (the ambiguity only occurs for 4 and 8 CCE level). Table 2 states that the DCI ambiguity for current Rel8/9 DCI payload sizes between CSS and UESS, while considering future-release introduced payload sizes, the ambiguity cases are even more.
Table 2: DCI ambiguity for current DCI payload sizes
	SS
BW
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CSS (w/o CIF)
	0/1A (21)
	0/1A (22)
	0/1A (25)
	0/1A (27)
	0/1A (27)
	0/1A (28)

	UESS (w CIF)
	1 (22)
1B (25)

1D (25)
2B (28)
	0/1A (25)
1 (27)
1B (28)

1D (28)
	0/1A (27)
	_
	_
	_


Scenario (b): Another scenario is shown in Fig. 2(b), where the DCI format size ambiguity between different UESSs can only occur during the RRC reconfiguration period between idle state to connected state of cross-carrier scheduling, or between the scenario of same-carrier scheduling to that of cross-carrier scheduling. However, after the RRC reconfiguration period the DCI ambiguity is not existed because PDCCH scheduled in both UESSs includes CIF for DCI differentiation.
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Scenario (a)
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Fig. 2. The deployment of heterogeneous network
3.2 Possible solutions

Several solutions can be used to resolve the DCI ambiguity issue stated above.
1) Resolved by eNB’s implementation

When the scenario for DCI ambiguity occurs where PDCCHs in search spaces with and without CIF have the same payload size and overlapped (only 4 and 8 CCE level for CSS and UESS), eNB will not transmit either ambiguous DCI format. 
For scenario (a), where DCI ambiguity in the overlapped region of CSS and UESS:

Pros:

· No need to specify any behaviour of the UE.

Cons:

· Considering the DCI ambiguity in the overlapped region of CSS and UESS always occurs, scheduling restriction is large, especially for the case of CA of small bandwidth (e.g., totally about 20 CCEs in a 5MHz CC) where the ratio of CSS and UESS overlapping is rather high, so all the ambiguous DCI formats can never be scheduled in the overlapped region.
For scenario (b), where DCI ambiguity in the overlapped region of two UESSs:
Pros:

· No need to specify any behaviour of the UE.

· Considering the DCI ambiguity in the overlapped region of two UESSs only exists during RRC reconfiguration period, scheduling restriction for the implementation-based solution is not so large.
Observation: 
For scenario (a) where DCI ambiguity occurs in the overlapped region of CSS and UESS, only the implementation-based solution is not sufficient. 
For scenario (b) where DCI ambiguity occurs in the overlapped region of UESSs, implementation-based solution can be used.
2) DCI payload size padding
Pad one or two bits (consider the 9 kinds of payload sizes in Table 5.3.3.1.2-1 of [5]) to the DCI with CIF in UESS.
Pros:
· No influence to the scheduling flexibility.
Cons:

· Considering a large number of cases of DCI ambiguity caused by search space overlapping, it needs to exhaustively list all the ambiguous payload sizes and many additional payload sizes have to be introduced, which will complicate the DCI design and implementation of the eNB/UE.
· In addition of adding CIF to PDCCH, the additional 1 or 2-bit padding may degrade the PDCCH performance further compared to that of Rel-8.

· Can lead to resource waste, because padding is not always needed. 
· For scenario (a), padding is only needed when search spaces for ambiguous DCIs are overlapped which may vary subframe by subframe, and in case of 4 and 8 CCE level. 
· For scenario (b), padding is only needed during the RRC reconfiguration period, after which eNB and UE have the same understanding for cross-carrier scheduling, then the DCI ambiguity is not existed because PDCCHs scheduled in both UESSs including CIF for DCI differentiation is in effect.
Therefore, considering that padding is only needed for the specific subframe for search space overlapping, specific CCE levels for CSS and UESS, specific time interval for UESSs during RRC reconfiguration period and the increased complexity of eNB/UE, the gain for padding is rather marginal and it is desirable to keep the original payload size for the DCI formats.

Observation: DCI padding is not efficient to solve the DCI ambiguity issue caused by search space overlapping. 
3) Search space restriction

For scenario (a), the overlapped region of CSS and UESS can either be only used by CSS, or only used by UESS.
UE can always assume that DCI format which has size ambiguity caused by search space overlapping will not be scheduled in the overlapped region on UESS. In other words, eNB should not schedule the DCI format which has size ambiguity in the overlapped region on UESS.
Pro: 

· Provide an overall scheduling flexibility in CSS for smooth scheduling transition during RRC reconfiguration period.
· Scheduling restriction for UESS is not so large, because PDCCH with 1 and 2 CCE level can also be scheduled in the whole UESS. Furthermore, if PDCCH with 4 CCE level is blocked by CSS, maybe PDCCH with 8 CCE level can also be scheduled, considering PDCCHs with different CCE levels have independent search spaces, or PDCCH with 2 CCE level can be scheduled with power boosting.
Cons:
· Scheduling flexibility in UESS is reduced for PDCCHs with 4 or 8 CCE level. However, this restriction is smaller than that of implementation-based solution where neither of the ambiguous DCI formats can be scheduled, while in case of search space restriction the overlapped region can be used by CSS for the same UE.
UE can assume that DCI format which has size ambiguity caused by search space overlapping will not be scheduled in the overlapped region on CSS after RRC reconfiguration period. In other words, eNB should not schedule the DCI format which has size ambiguity in the overlapped region on CSS.
Pros:

· Keep an overall scheduling flexibility in UESS after the RRC reconfiguration period.

Cons:

· Scheduling restriction during the RRC reconfiguration period is larger than the method where only CSS uses the overlapped region because neither of the ambiguous DCI formats can be scheduled. To be specific, if eNB schedules PDCCH with CIF in UESS but UE has missed the RRC reconfiguration signalling, UE will interpret it as a PDCCH without CIF for same-CC scheduling.
· Scheduling flexibility for CSS is reduced for all permitted CCE levels (4 and 8). However, this restriction is smaller than that of implementation-based solution where neither of the ambiguous DCI formats can be scheduled, while in case of search space restriction the overlapped region can be used by UESS for the same UE after RRC reconfiguration period.
For scenario (b), where the DCI ambiguity only exist during the RRC reconfiguration period between idle state to connected state of cross-carrier scheduling, or between the scenario of same-carrier scheduling to that of cross-carrier scheduling, the ambiguous DCI formats cannot be scheduled in the overlapped region for both UESSs (assume UESS1 is used for same-CC scheduling of CC1, and UESS2 is used for cross-CC scheduling of CC2). Neither of the proposals for search space restriction can be used for scenario (b). To be specific, if eNB schedules CC1 by PDCCH in the overlapped region without CIF but UE has correctly received the RRC reconfiguration signalling, UE will interpret it as a PDCCH with CIF for scheduling CC2, whereas if eNB schedules CC2 by PDCCH in the overlapped region with CIF but UE has missed the RRC reconfiguration signalling, UE will interpret it as a PDCCH without CIF for scheduling CC1. 
Therefore, implementation-based solution can be used to resolve the DCI ambiguity issue caused by overlapping of UESSs.

Observation:
For scenario (a) where DCI ambiguity occurs in the overlapped region of CSS and UESS, UE can always assume that DCI format which has size ambiguity caused by search space overlapping will not be scheduled in the overlapped region on UESS, or UE can assume that DCI format which has size ambiguity caused by search space overlapping will not be scheduled in the overlapped region on CSS after RRC reconfiguration period.
For scenario b) where DCI ambiguity occurs in the overlapped region of UESSs, implementation-based solution can be used to resolve the DCI ambiguity issue caused by overlapping of UESSs.
The comparison of above possible solutions can be stated as Table 3.
Table 3: Solution comparison for search space overlap
	
	Scenario (a)
	Scenario (b)

	
	During RRC period
	After RRC period
	During RRC period
	After RRC period

	Implementation
	Y (large restriction)
	Y(large restriction)
	Y
	No need

	Search space restriction
	Restrict CSS
	Cannot solve the issue
	Y
	Cannot solve the issue
	No need

	
	Restrict UESS
	Y
	Y
	Cannot solve the issue
	No need

	Padding
	Y(not efficient)
	Y(not efficient)
	Y
	No need


4 Conclusion 

In this paper, RRC reconfiguration issue is further analyzed based on which some possible ways are given to resolve the DCI payload size ambiguity brought by the overlap between the search spaces with and without CIF. Finally, we have the following proposals:
· Implementation method could be used to resolve the scheduling ambiguity between eNB and UE during the RRC reconfiguration period.

· For scenario (a) where DCI ambiguity occurs in the overlapped region of CSS and UESS, 
· UE can always assume that DCI format which has size ambiguity caused by search space overlapping will not be scheduled in the overlapped region on UESS, or
· UE can assume that DCI format which has size ambiguity caused by search space overlapping will not be scheduled in the overlapped region on CSS after RRC reconfiguration period, while during RRC reconfiguration period, implementation-based solution can be used.

· For scenario b) where DCI ambiguity occurs in the overlapped region of UESSs, implementation-based solution can be used to resolve the DCI ambiguity issue caused by overlapping of UESSs.
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