3GPP TSG RAN WG1 Meeting #80bis

R1-151968
Belgrade, Serbia, 20th - 24th April 2015
Source:
NTT DOCOMO, INC.
Title:
DL control signalling enhancements for LTE CA up to 32 component carriers
Agenda Item:
7.2.2.2.1
Document for: 
Discussion and Decision

1. Introduction
At the RAN#66 meeting, a work item on carrier aggregation enhancements was approved [1]. One of the objectives for the WI is to specify carrier aggregation (CA) beyond 5 component carriers (CCs). It was agreed that the supportable number of CCs in the CA is extended to 32. In last meeting, some observations were achieved regarding potential enhancements for both DL and UL [2, 3]. 
In this contribution, we provide our views regarding necessary enhancements to enable LTE CA of up to 32CCs for DL. More general aspects are discussed in [4].
2. Potential issues on DL control signalling
As described in [2], for self-carrier scheduling, DL control signaling for legacy CA can be directly reused to support up to 32 CCs. For cross-carrier scheduling, 3 bits carrier indicator field (CIF) in a PDCCH/EPDCCH is used to indicate the scheduled carrier, which could be a potential enhancement area for Rel.13 CA. As described in TS36.213, the CIF value is the same as ServCellIndex defined in [5]. Therefore, the serving cell having ServeCellIndex from 0 to 4 can be indicated by the corresponding CIF value of 0 to 4. For Rel.13 CA, the value range of ServCellIndex may be extended, e.g., from 0 to 31. However, since the number of CIF bits is 3, the cross-carrier scheduling is applicable only to serving cells with ServCellIndex from 0 to 7. Therefore, up to 8 CCs are able to be cross-carrier scheduled by a single CC by re-using the existing CIF field. However, more than 8 CCs cannot be cross-carrier scheduled by one CC unless any CIF enhancement is introduced. In this contribution, we call the number of CCs that can be cross-carrier scheduled from one CC as the value X.
For the value of X more than 5, not only CIF field but also additional specification impacts may be needed. In the following, we discuss PDCCH/EPDCCH capacity limitation and blocking issues.
With the increase of the value of X, the PDCCH/EPDCCH search space could be heavily overlapped among different scheduled CCs and hence, the block probability of PDCCH/EPDCCH could increase significantly. We show the PDCCH blocking probability of X=5, 8, and 32, assuming two sizes of PDCCH capacity; one is 41 CCEs for 10MHz bandwidth, and the other is 84 CCEs for 20MHz bandwidth. RNTIs and slot number are randomly selected. The probabilities of aggregation level (AL) selection for AL=1, AL=2, AL=4, and AL=8, are assumed to be 0.1, 0.6, 0.2, and 0.1, respectively. For simplicity, selection of AL among DCIs for different CCs for a UE is assumed to be the same. A DCI is considered to be blocked if it is not possible to schedule the DCI in any of the search space. Figs. 1 (a) and (b) shows the PDCCH blocking probability with two sizes of PDCCH capacity. The number of scheduled UEs in each subframe is a parameter from 1 to 4.
From the figures, we can see that as the value of X (i.e., the number of scheduled CCs from one CC) increases, the PDCCH blocking probability increases. With X=32, even one UE cannot be scheduled with 45% (12%) probability when the scheduling is carried out using PDCCH of 10MHz (20MHz) bandwidth. With X=8, although blocking probability can be suppressed by reducing the number of scheduled UEs in each subframe, it is still higher than the case with X=5. 
Observation:
· Existing CIF field cannot support X > 8.
· PDCCH/EPDCCH blocking probability increases as the value of X increases.
· It reaches unacceptable level when the value of X is very large, and hence the number of scheduled CCs/UEs per subframe is restricted.
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                        (a) 41 CCEs for 10MHz.                                                      (b) 84 CCEs for 20MHz.
Fig. 1.  PDCCH blocking probability for X=5/8/32.
3. Potential enhancements to cross-carrier scheduling
Taking into account the issues identified in the previous section, we discuss potential specification impacts of supporting different values of X. 
Alt. 1: X=5
If only X=5 is supported as legacy CA, current cross-carrier scheduling mechanism can be almost re-used. If necessary, CC-grouping and X=5 within each group could work by changing the mapping between CIF value and ServCellIndex. In case of 32 CCs, the smallest number of scheduling CCs with X=5 is 7 (other 25 CCs are the scheduled CCs).
Alt. 2: X=8
Even for X=8, CIF can be kept as 3 bits. Similar to the Alt. 1, CC-grouping allows cross-carrier scheduling for more than 8 CCs. Whether enhancement needed or not depends on the acceptable level of PDCCH blocking probability increase. If the increase of PDCCH blocking probability from X=5 to X=8 presented in Fig.1 is acceptable, no enhancement is needed. Otherwise, some specification enhancements need to be considered, or some implementation methods should be used. In case of 32 CCs, the smallest number of scheduling CCs with X=8 is 4 (other 28 CCs are the scheduled CCs).
Alt. 3: X=32
For X=32, RAN1 specification impacts would be large. As discussed in the section 2, CIF needs to be increased to 5 bits to indicate various CC index, as shown in Fig. 3. In addition, PDCCH/EPDCCH capacity limitation needs to be resolved. One possibility is to increase the EPDCCH region to support more control signaling. Currently, a UE can be configured with one or two EPDCCH PRB sets. The EPDCCH capacity can be increased by configuring more than two EPDCCH PRB sets or by increasing the number of PRB-pairs within a EPDCCH PRB set. However, if the number of EPDCCH PRB sets or the number of PRB-pairs within a EPDCCH PRB set is just increased, EPDCCH candidate splitting among multiple sets, or new PRB set size is required. Instead of this, one or two EPDCCH PRB sets can be grouped and can be associated with a subset of CCs, so that a UE just needs to monitor the EPDCCH PRB set(s) within corresponding EPDCCH PRB group for a certain CC. In this case, a particular EPDCCH PRB set group including one or two EPDCCH PRB set(s) can be configured as a conventional EPDCCH. Another possibility is to reduce the required control signaling. For this, multiple-CC scheduling with a group-DCI could be considered. A group-DCI could be designed to contain the scheduling information for multiple CCs, in which some information is CC-specific and other information is CC-common. Group-DCI may require larger specification enhancements than EPDCCH capacity increase. But it would also reduce the blind decoding attempts for a UE with the group-DCI.
If the number of blind decoding attemps is considered to be an issue, heavily overlapped search space may be utilized to reduce its number. When cross-carrier scheduling is configured, 
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 value, which equals serving cell index, is used to determine the search space for different CCs. When search space overlapping happens, if eNB configures multiple carriers which have the same bandwidth and transmission mode with the same 
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 value, the same search space is shared for multiple CCs for a UE and less blind decoding attempts are needed. In order to achieve sufficient flexibility at the eNB so that DCIs for all the CCs/UEs are distributed over entire PDCCH/EPDCCH while the seach space sharing among multiple CCs for a UE is enabled, changing the mapping relationship between 
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 value and serving cell index in the search space equation for a UE can be considered.
Proposal:
· Following three alternatives of the number of CCs that can be cross-carrier scheduled from one CC should be discussed.
· Alt. 1: X=5
· Current cross-carrier scheduling framework can be re-used.
· CC-grouping and X=5 for each group works by changing the mapping between CIF value and ServCellIndex.
· Alt. 2: X=8
· Discuss whether (E)PDCCH blocking probability is acceptable and whether DL enhancement is needed.
· If the blocking probability is considered to be acceptable, same approach described in Alt.1 is applicable.
· If it is considered not to be acceptable, necessary enhancements to PDCCH/EPDCCH capacity/overlapped search space need to be discussed.
· Alt. 3: X=32
· Discuss the necessity to support such full flexibility of 32 CCs cross-carrier scheduling.
· Discuss the necessary enhancements for the CIF field extension and the issues on PDCCH/EPDCCH capacity/overlapped search space.
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Fig. 2. X=8 with 3-bit CIF and CC-grouping.
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Fig. 3. X=32 with 5-bit CIF.
In [4], two potential use-cases of CA with more than 5 CCs are described. For the use-case 1, large value of X would not be necessary. If the PDCCH/EPDCCH blocking probability increase is considered to be acceptable, supporting X=8 with minor modification would be sufficient. For the use-case 2, the demand/benefit for a large value of X (e.g., X=32) should be investigated first. If there is a demand/benefit for the operation, solutions to support the large value of X should be discussed. 
4. Conclusion
In this contribution, we provided our views regarding necessary enhancements to enable LTE CA of up to 32CCs for DL and proposed the following.
Observation:
· Existing CIF field cannot support X > 8.
· PDCCH/EPDCCH blocking probability increases as the value of X increases.
· It reaches unacceptable level when the value of X is very large, and hence the number of scheduled CCs/UEs per subframe is restricted.
Proposal:
· Following three alternatives of the number of CCs that can be cross-carrier scheduled from one CC should be discussed.
· Alt. 1: X=5
· Current cross-carrier scheduling framework can be re-used.
· CC-grouping and X=5 for each group works by changing the mapping between CIF value and ServCellIndex.
· Alt. 2: X=8
· Discuss whether (E)PDCCH blocking probability is acceptable and whether DL enhancement is needed.
· If the blocking probability is considered to be acceptable, same approach described in Alt.1 is applicable.
· If it is considered not to be acceptable, necessary enhancements to PDCCH/EPDCCH capacity/overlapped search space need to be discussed.
· Alt. 3: X=32
· Discuss the necessity to support such full flexibility of 32 CCs cross-carrier scheduling.
· Discuss the necessary enhancements for the CIF field extension and the issues on PDCCH/EPDCCH capacity/overlapped search space.
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