3GPP TSG RAN WG1 Meeting #70bis




R1-124322
San Diego, USA, 8th – 12th October 2012

______________________________________________________________________Agenda item: 7.5.2
Source: LG Electronics
Title: Details of EPDCCH set configuration
Document for: Discussion and Decision
1. Introduction
In RAN1 70[1], it is agreed that: 
· An EPDCCH set is defined as a group of N PRB pairs
· K ≥ 1 EPDCCH sets are configured in a UE specific manner 
· The total number of blind decoding attempts is independent from K 

· The total blind decoding attempts for a UE should be split into configured K EPDCCH sets
In this contribution, we discuss some of the remaining issues in EPDCCH search space design in the following aspects:
· Possible numbers of N and K

· Indication to a UE of PRB pairs used for each EPDCCH set
· The number of blind decoding attempts for possible aggregation levels of each EPDCCH set
2. Discussion
2.1.  Possible numbers of EPDCCH sets and its corresponding PRB pairs
It was agreed in RAN1 70 that K ≥ 1 EPDCCH sets are configured in a UE specific manner[1]. One remaining issue in determining the number of K is if it is required to configure a UE with more than two EPDCCH sets. Since two different EPDCCH sets can facilitate two different types of transmission - localized and distributed, it seems reasonable the maximum number of K should be set to 2 at the least. It is rather unclear if there is a strong need for more EPDCCH sets. However, even if the third set is configured, it can be interpreted as increasing the number of PRB pairs of either a localized set or a distributed set depending on its transmission mode. Therefore, configuring more sets eventually bring the same effect as enlarging the search space of the EPDCCH sets already been configured. Considering that there are two different transmission schemes, two EPDCCH sets for a UE would be sufficient.

Each of the EPDCCH sets consists of N PRB pairs(different EPDCCH set can have different value of N). Regarding the value of N, it has been discussed that it should be limited to 4 or 8 so that the impact of inefficient resource utilization can be minimized while enough degree of frequency diversity gain is still achieved. It has also been discussed that the value of N may depend on system bandwidth. If we consider both aspects, it is possible to set the value of N such that it is configurable between the two values {4,8} and {2,4} determined by the system bandwidth. 
· N={4,8} if the system bandwidth is larger than BWthresh
· N={2,4} if the system bandwidth is smaller than or equal to BWthresh
The dependency on system bandwidth comes from more DCI payload to transmit for larger bandwidth. The maximum value of N for a given system bandwidth is chosen so it can provide compatible frequency diversity gain. To keep the signalling overhead at a certain level, we can limit the number of alternatives of N for a given frequency band. As in the above, if there is two possibilities for a given system bandwidth, 1-bit flag would be enough to signal which of the two is selected.
For cross-carrier scheduling, more DCIs need to be transmitted compared to single carrier, which means either more EPDCCH sets or more PRB pairs for an EPDCCH should be configured. While both can take care of the problem, it is better to increase the maximum number of K rather than N in resource management aspect. One of the benefits of which is TDD different U/D configuration. For TDD different U/D configuration, there is no DCI to transmit when the scheduled cell is UL configured. Therefore, if separate EPDCCH sets are configured for scheduled cell, more PDSCH can take place by automatically setting free the EPDCCH resources configured for scheduled cell. If the EPDCCH for scheduled cell is distributed, it can make even more efficient use of the resources since it tend to take more PRBs.
Based on the discussion above, the EPDCCH sets can be configured on per CC basis. The constraint on the number of K may apply to each CC. And in determining the value of N, the system bandwidth should be the one of scheduled cell if the bandwidth of scheduling cell is different from scheduled cell,
In determining N, the number of ECCEs/PRB pair should also be taken into account. For example, as two ECCEs compose one PRB pair for some SF(special SF # 1,2,6,7,9), the number of available ECCEs may decrease for a given N. It should also be considered if there is sufficient number of available REs/PRB pair. Even if there is 4 ECCEs/PRB pair if the number of available Res/PRB pair is less than 104, higher aggregation levels will be needed to carry the same amount of DCI(The aggregation levels will be {2,4,8,16} instead of {1,2,4,8}[2]). Therefore it seems reasonable to assign more PRB pairs an EPDCCH set for those cases to compensate the decrease in the available resources The possible values of N can be determined as follows, 

If the number of ECCEs/PRB pair =2 or the number of REs/PRB pair <104,
· N={8,16} if the system bandwidth is larger than BWthresh
· N={4,8} if the system bandwidth is smaller than or equal to BWthresh
Proposal 1: A UE is configured with one or two EPDCCH sets per CC through higher-layer signaling.
Proposal 2: The value of N is configurable between the two values {4,8} and {2,4} determined by the system bandwidth of the scheduled cell. 
2.2. Indication to an UE of EPDCCH sets
According to the definition in RAN1 70[1], an EPDCCH set contains N PRB pairs (N is greater than two, possibly equal to one). When a UE is configured with an EPDCCH set containing N PRB pairs, it is required to signal the PRB pairs assigned for each EPDCCH set. One simple signalling method would be using full bitmap. Full bitmap consumes NRB bits to indicate one EPDCCH set when NRB PRB pairs makes up the whole system bandwidth. One drawback of this method is linearly increasing signalling overhead as N and/or K become larger.  Another method is reusing RA type 2 for PDSCH resource allocation [2]. The main benefit in reusing RA type 2 lies in that it can provide distributed resource allocation while minimizing the impact on PDSCH scheduling. To provide frequency selectivity for localised transmission and frequency diversity for distributed, it is better to spread the PRB pairs for EDPCCH over the bandwidth. However, the distribution should be limited to a proper level so to minimize the restrictions on PDSCH scheduling, especially for legacy UEs. Using distributed VRB will be a good way to meet the both requirement. Localised VRB may also be considered if there is a need to restrict EPDCCH transmission to particular subbands. To use RA type 2, the number of PRB pairs determined as in 2.1 and the starting RB position should be signalled. 
Proposal 3: Resource allocation type 2 for PDSCH can be reused as a indication method to a UE of PRB pairs of each EPDCCH set.
2.3. Blind decoding candidates for multiple EPDCCH sets
For both localized and distributed EPDCCH, either aggregation levels, {1, 2, 4, 8} or {2, 4, 8, 16} is supported depending on the number of available REs in a PRB pair [3]. With the consideration of UE blind decoding complexity, it seems desirable to maintain the number of blind candidates to be the same as legacy PDCCH; for aggregation level {1,2,4,8} or {2,4,8,16} the number of blind decoding candidates is set to {6,6,2,2}. When more than two EPDCCH is configured for a UE, the blind decoding candidates should be split into the configured EPDCCH sets while keeping the total number of blind decoding attempts to the same level. The number of candidates for each aggregation level and each EPDCCH sets can be either determined using predefined rules. The rule can be defined such that, the blind decoding candidates can be assigned equally for each EPDCCH set to the extent possible when there are more than two EPDCCH sets. Considering that both of EPDCCH sets can be configured as localized or distributed this approach seems to serve as a good baseline. Therefore, when there are two EPDCCH sets configured, the number of candidates for each set should be {3,3,1,1} for aggregation level {1,2,4,8} or {2,4,8,16}. 
Even though the above method seems to work for most of the cases, there is still a need to do some special handling when the configured resources are insufficient to support high aggregation levels.  One example is when N changes to 2 when the number of ECCE/PRB pair is 4. If a UE is configured with one EPDCCH set, the two blind decoding candidates for aggregation level 8 will be exactly overlapped indicating the same resource region. Therefore, in this case, it is more desirable to have one blind decoding candidate with aggregation level 8.

When some of the candidates with high aggregation level cannot be configured due to the lack of the resources, it may be necessary to reallocate blind decoding candidates. The main purpose of reallocation is to make use of the blind decoding capabilities supposed to be used for the non-configurable high aggregation levels. One way is to allocate more candidates to the other aggregation levels (possibly to the lowest aggregation levels) in the same EPDCCH set. For the above example, 7 candidates with aggregation level 1 can be configured for the UE such that {7,6,2,1} candidates are assigned for aggregation level {1,2,4,8}. It is also possible to assign more candidates to the other EPDCCH sets if there is any.
Proposal 4: The number of candidates for each aggregation level and each EPDCCH sets can be determined using predefined rules. If UE is configured with two EPDCCH sets, the candidates for each aggregation level should be split in half.
Proposal 5: If the resources in the EPDCCH set are not sufficient for a high aggregation level, the corresponding blind decoding attempts can be moved to a relatively low aggregation level.
3. Conclusion
We had a discussion on the remaining details on EPDCCH set configuration in this contribution. The following was proposed:
Proposal 1: A UE is configured with one or two EPDCCH sets per CC through higher-layer signaling.

Proposal 2: The value of N is configurable between the two values {4,8} and {2,4} determined by the system bandwidth of the scheduled cell. 
Proposal 3: Resource allocation type 2 for PDSCH can be reused as a indication method to a UE of PRB pairs of each EPDCCH set.

Proposal 4: The number of candidates for each aggregation level and each EPDCCH sets can be determined using predefined rules. If UE is configured with two EPDCCH sets, the candidates for each aggregation level should be split in half.

Proposal 5: If the resources in the EPDCCH set are not sufficient for a high aggregation level, the corresponding blind decoding attempts can be moved to a relatively low aggregation level.
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