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1 Introduction

This contribution considers some remaining aspects for EPDCCH operation including
a) UE behavior for PDSCH reception in PRB pairs of a distributed EPDCCH set
b) Whether CIF should not be supported for DCI formats conveyed by EPDCCH
c) Whether cross-carrier scheduling can apply for subframes a UE does not monitor EPDCCH
d) The UE-specific EPDCCH scrambling sequence

2 Remaining EPDCCH Operation Aspects 
UE behavior for PDSCH reception in PRB pairs of a distributed EPDCCH set
The adjustment of PRB pairs used to transmit distributed EPDCCHs per subframe is achieved by configuring to a UE two EPDCCH sets and distributing the EPDCCH candidates in these two sets. This can result to similar operation as the one using PCFICH for adjusting the number of PDCCH symbols and can avoid always having a maximum overhead or scheduler restrictions resulting to DL/UL throughput loss. However, E/PCFICH-less operation may result to fragmentation of PUCCH resources for HARQ-ACK transmissions [1] and to ambiguity at a UE of which PRB pairs are used in a subframe to transmit EPDCCH. The latter issue is subsequently considered. 

If a UE cannot determine or be properly assigned the PRB pairs of an EPDCCH set that are available for PDSCH in a subframe, then this is effectively the same as always operating EPDCCH with maximum overhead and any spectral efficiency gains from having multiple EPDCCH sets are not realized. Clearly, as it is already agreed, a UE should not include for PDSCH reception the PRB pairs where it detects the EPDCCH scheduling the PDSCH. However, as it is subsequently discussed, this is not sufficient for distributed EPDCCH. 
An estimate for the number of PRB pairs required for EPDCCH to provide the same capacity as PDCCH is first considered. It is assumed that PDCCH consists of 1 OFDM symbol and there are 2 CRS ports and no CSI-RS ports leading to a “best-case” scenario for EPDCCH operation as the number of available REs per PRB pair to transmit EPDCCH is NRE=120. The distributed EPDCCH BLER is assumed to be 3 dB worse than the PDCCH BLER and, for NRE=120, the EPDCCH BLER is penalized by an additional 10log10(36/30)=0.8 dB relative to the PDCCH BLER. Therefore, EPDCCH would require a total of 3.8 dB additional SINR relative to PDCCH corresponding to 2.4 times more resources. At 10 MHz and 20 MHz, the number of CCEs in the 2nd and 3rd OFDM symbols is 33 and 66, respectively. The number of PRB pairs required for EPDCCH is shown in Table 1.
Table 1: Number of Required PRB Pairs for EPDCCH Capacity Relative to PDCCH Capacity.
	
	EPDCCH Capacity = PDCCH Capacity
	EPDCCH Capacity = 80% PDCCH Capacity

	10 MHz
	20
	16

	20 MHz
	40
	32


Therefore, with reductions of the EPDCCH scheduling capacity to about 80% the PDCCH one, 16/32 PRB pairs need to be configured for EPDCCH sets at 10/20 MHz. In general, it is preferable that different EPDCCH sets are assigned PRB pairs in the same RBG in order to minimize the BW fragmentation for PDSCH with type 0 RA and avoid significant scheduling restrictions for UEs that are not aware of all EPDCCH sets (e.g. at least Rel-10 UEs). This is also obviously needed for system BWs of 15/20 MHz where the number of RBGs can be less than the number of PRB pairs configured for EPDCCH sets. Also, for 15/20 MHz system BWs, since 16 PRB pairs per set are not supported and a UE can be configured with up to 2 sets, a network has to include EPDCCH sets a UE cannot be aware of. Having PRB pairs for different EPDCCH sets in the same RBG is also needed at 10 MHz since the system BW consists of 16 RBGs (otherwise, there are no RBGs without PRB pairs configured for EPDCCH in order for Rel-10 UEs to be scheduled without HARQ buffer corruption). 

Observation 1: At least for 15 MHz and 20 MHz system BWs, a UE may not be aware of all configured EPDCCH sets.
Observation 2: An RBG is likely to include PRB pairs allocated to different distributed EPDCCH sets.
The issue then is how a UE can know whether or not to include PRB pairs for PDSCH reception, other than the ones where it receives EPDCCH, when these PRB pairs are configured for other EPDCCH set(s). 

If PRB pairs configured for distributed EPDCCH sets are in same RBGs, a UE should know when to include for PDSCH reception PRB pairs corresponding to the set that does not convey the respective EPDCCH. Following the DL assignment of the DCI format (and excluding only the PRB pairs of the respective EPDCCH detection) is not sufficient as the PRB pairs for different EPDCCH sets are likely to be in the same RBG. It is noted that PDSCH has to be scheduled to a UE in some of these RBGs as other UEs that are not aware of the existence of these EPDCCH sets should not be scheduled PDSCH in these RBGs (HARQ buffer corruption). For example, at 10 MHz, an RBG may have one PRB pair always available for PDSCH, one PRB pair configured for a first EPDCCH set, and one PRB pair configured for a second EPDCCH set. Due to the absence of an EPCFICH, a UE has no means to know whether the PRB pairs of the EPDCCH set where it does not receive the respective EPDCCH are used or not. 

If the PRB pairs configured for the 2 distributed EPDCCH sets are in different RBGs, the difficulty for dynamically utilizing for PDSCH the PRB pairs configured for an EPDCCH set becomes more severe. Assuming a 10 MHz system BW and 2 sets of 8 PRB pairs located in different RBGs, Rel-10 UEs cannot be scheduled (without significant performance degradation due to HARQ buffer corruption) and Rel-11 UEs can only be scheduled in 2/3 of 50% of the system BW when both EPDCCH sets are used (and incur a DL throughput loss of about 5% [2]). 

Proposal 1: RAN1 should specify the UE behavior for PRB pairs included in respective RBGs indicated for PDSCH reception and also configured for a distributed EPDCCH set other than the EPDCCH set where the UE receives the EPDCCH scheduling the PDSCH.
A somewhat simpler issue is the case of an EPDCCH set consisting of 8 PRB pairs and an EPDCCH with aggregation level of 1 ECCE scheduling PDSCH in RBGs that include some or all of the PRB pairs of the EPDCCH set. Since 1 ECCE occupies 4 PRB pairs, the UE needs to make an assumption whether or not the remaining PRB pairs of the EPDCCH set convey EPDCCH or not. This can be addressed by a scheduler restriction in avoiding RBGs that include PRB pairs in the EPDCCH set where the EPDCCH scheduling the PDSCH is not transmitted. However, such additional constraints on the scheduler should be avoided as they are practically unnecessary and can lead to DL throughput loss. Instead, a UE can assume that all PRB pairs of a distributed EPDCCH set where it receives the EPDCCH scheduling the PDSCH are used for EPDCCH transmissions.

Proposal 2: A UE receiving an EPDCCH with aggregation level of 1 ECCE in a distributed EPDCCH set consisting of 8 PRB pairs shall assume that all PRB pairs of the distributed EPDCCH set are used for EPDCCH transmissions.
Inclusion of CIF in DCI Formats Conveyed by EPDCCH

The primary reason for introducing CIF in Rel-10 was to enable PDCCH scheduling for het-nets (e.g. PCell is a macro and SCell is a pico). As the EPDCCH design can support ICIC, it may be argued that CIF configuration should be limited only to DCI formats conveyed by PDCCH. However, this is rather restrictive and would preclude cross-carrier scheduling by EPDCCH which may be needed for purposes other than ICIC. 

For example, one use-case of cross-carrier scheduling by EPDCCH would be for a SCell of small BW (e.g. 1.4 MHz or 3.0 MHz) as, similar to PDCCH, EPDCCH transmission over a small BW (e.g. 2 PRB pairs) is inefficient (also for ICIC purposes) and better resource utilization can be provided by including a few EPDCCHs per subframe for an SCell with small system BW in the larger EPDCCH sets of the PCell. 

Another use case is for a PCell operating on a low carrier frequency and for a SCell operating on a high carrier frequency. Then, it would be preferable for a network to convey the control information in the PCell and use the SCell for data since the control information has stricter reliability targets and does not benefit from HARQ. 

In general, it seems preferable to not preclude support of cross-carrier scheduling by EPDCCH at least for distributed EPDCCH where the Rel-10 search space design can be re-used without modifications and additional specifications are not needed. Enhancements can be considered in Rel-12 (e.g. increasing the number of EPDCCH sets per UE, etc.).

Proposal 3: CIF configuration applies regardless of whether an applicable DCI format is transmitted by PDCCH or by EPDCCH.

Application of Cross-Carrier Scheduling for subframes a UE does not monitor EPDCCH

No reason seems to exist to not allow cross-carrier scheduling for subframes a UE does not monitor EPDCCH and no additional specifications are required for this. 

Proposal 4: Cross-Carrier Scheduling for subframes a UE does not monitor EPDCCH is supported.

UE-Specific Scrambling Sequence

In RAN1#70bis it was agreed that the EPDCCH scrambling sequence initialization is UE-specific and the only issue is whether it includes the UE’s C-RNTI. Therefore, two alternatives exist:
· Alt 1: The scrambling sequence generator is initialized with 
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 at the start of each subframe for each EPDCCH PRB set, where 
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is configured for the EPDCCH DMRS. 

· Alt 2: The scrambling sequence generator is initialized with 
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 at the start of each subframe for each EPDCCH PRB set, where 
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is configured for the EPDCCH DMRS.
In both Alt 1 and Alt 2, area splitting gain for CoMP scenario 4 can be achieved by relying on X and no additional RRC signaling is required. However, inclusion of the C-RNTI in the scrambling initialization in Alt 2 effectively prevents UEs sharing an EPDCCH set to have the same scrambling sequence (as is the case for PDCCH) and this can increase the false CRC check probability as each ECCE (and aggregations of ECCEs) of an EPDCCH may then also convey a valid DCI format for another UE having a different scrambling sequence. A similar behavior was observed in [3]. Hence, Alt 1 is preferred over Alt 2. 
Proposal 5: The EPDCCH scrambling sequence is initialized with 
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 for each EPDCCH set, where 
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is configured to a UE for the EPDCCH DMRS for each EPDCCH set.
3 Conclusions

This contribution considered miscellaneous outstanding issues on EPDCCH operation and proposes the following.

Proposal 1: RAN1 should specify the UE behavior for PRB pairs included in respective RBGs indicated for PDSCH reception and also configured for a distributed EPDCCH set other than the EPDCCH set where the UE receives the EPDCCH scheduling the PDSCH.
Proposal 2: A UE receiving an EPDCCH with aggregation level of 1 ECCE in a distributed EPDCCH set consisting of 8 PRB pairs shall assume that all PRB pairs of the distributed EPDCCH set are used for EPDCCH transmissions.
Proposal 3: CIF configuration applies regardless of whether an applicable DCI format is transmitted by PDCCH or by EPDCCH.

Proposal 4: Cross-Carrier Scheduling for subframes a UE does not monitor EPDCCH is supported.

Proposal 5: The EPDCCH scrambling sequence is initialized with 
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is configured to a UE for the EPDCCH DMRS for each EPDCCH set.
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