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1 Background

In RAN1 #59bis meeting, the followings were agreed about the carrier indicator field (CIF) [1];

· CIF mapping to CCs:

· The mapping from CI values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping

· The following two behaviours are FFS (try to resolve to next meeting): 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC
· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF 

· Note that other behaviours are not precluded from the discussion. 

· Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI 

· SI-RNTI is FFS

· DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF (still to be decided) when CRC is scrambled by C-RNTI/SPS C-RNTI

· Inclusion of CIF in DCI formats 0, 1A in common search space when CRC is scrambled by C-RNTI is FFS

· Format 3/3A: FFS

On the e-mail discussion regarding the details of CIF, the linkage between PDSCH/PUSCH CCs and PDCCH CCs, inclusion of CIF in DCI formats were discussed. These remaining details should be carefully decided considering the number of blind decoding (BD) and the PDCCH blocking probability. The excessive number of BDs may obviously affect the UE decoding complexity. In this contribution, we discuss the upper limit of blind decoding attempts and the linkage between PDSCH/PUSCH and PDCCH from the cross-carrier scheduling perspective.
2 Upper Limit of Blind Decoding Attempts
In Rel-8, the maximum number of BDs is 44 on a DL component carrier (CC). When we decided the upper limit of BD complexity in Rel-10, there are multiple factors that affect the number of BD attempts. One of them is carrier aggregation and especially cross-carrier scheduling.
In case of no cross-carrier scheduling, with current RAN1 assumptions, the UE will need to be able to perform M x 44 BD attempts where M is the number of DL CCs monitored by the UE.
In case of cross-carrier scheduling, the introduction of PDCCH monitoring set, and the linkage between PDCCH CCs and PDSCH/PUSCH CCs should be firstly considered to resolve the maximum BD overhead.
2.1 PDCCH monitoring set and linkage between PDCCH CCs and PDSCH/PUSCH CCs
If the PDCCH monitoring set is introduced in LTE-A, it is a subset of a UE DL CC set, and DL CCs in the PDCCH monitoring set are configured for the UE to receive/decode PDCCHs. Details of the PDCCH monitoring set is described in [2].
Regarding the linkage between PDCCH CCs and PDSCH/PUSCH CCs, two options can be considered as discussed in the e-mail reflector. 
· Option 1: default linkage between PDCCH CCs and PDSCH/PUSCH CCs, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC

· Option 2: flexible linkage between PDCCH CCs and PDSCH/PUSCH CCs, i.e. any PDSCH/PUSCH can be scheduled from more than one DL CC
If we assume that an UE has the same 12 blind decoding attempts per CC in the common search space, the maximum BDs is 44 per CC for no cross-carrier scheduling, and the maximum number of BDs in cross-carrier scheduling scenarios can be calculated as 
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, where M denotes the number of DL CCs in PDCCH monitoring set and each DL CCs are numbered from i=0, …, (M-1), and 
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 is the number of DL CCs which can be scheduled from a DL CC i. 
For example, there are two PDCCH monitoring CCs and four PDSCH/PUSCH scheduling CCs (assuming all DL CCs have paired UL CCs) as illustrated in Figure 1. In this example, we assume that the search space size for each PDSCH/PUSCH CC on PDCCH monitoring CC is same as the case of no cross-carrier scheduling. As shown in Figure 1(a), with option 1, the total maximum number of BDs can be calculated as 2 x 2 x 44 = 176. However, with option 2, as shown in Figure 1(b), UE should perform BDs for all PDCCHs for all scheduling CCs on both PDCCH monitoring CCs. Thus, total number of BDs option 2 can be calculated as 2 x 4 x 44 = 352, which is far larger than that in option 1. 


[image: image3.emf]PDCCH monitoring set

PDCCH monitoring set

(a) Option 1 (a) Option 2


Figure 1. Examples of the linkage between PDCCH CCs and PDSCH/PUSCH CCs
As shown in this example, BD attempts of option 2 can be excessively increased while at least the same BD complexity for no cross-carrier scheduling case is maintained with option 1. Thus, option 1 should be supported in case of cross-carrier scheduling in order to limit the maximum number of BDs. Within the maximum number of BDs, additional BD reduction schemes can be applied according to UE capabilities, e.g., DCI size adaptation, explicit/implicit signaling, search space reduction, and etc. The details are described in [3].
Proposal: The default linkage in which the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC should be configured from the maximum blind decoding perspective. 
2.2 New DCI formats for LTE-A
The upper limit of BD attempts is not only related with the linkage between PDCCH CCs and PDSCH/PUSCH CCs, but also the number of assignments/grants for the UE as well as transmission mode of that UE. 
In Rel-8, UE monitors DCI 0/1A and another downlink DCI which is semi-statically configured via RRC signaling depending on the transmission mode. In addition to the DCIs defined in Rel-8, new DCI formats supporting non-contiguous resource allocation, uplink SU/MU-MIMO, CoMP, or enhanced downlink MIMO may be required in LTE-A. In this contribution, we assume that BD for new DL DCIs follows same principle in Rel-8, which is RRC configuration of a target DL DCI, so that there are no additional BDs for new DL DCI formats. However, in case of uplink, additional BDs would be required due to dynamic fallback to the Rel-8 default uplink mode. Thus, the maximum number of BD in LTE-A is decided by the number of new UL DCIs and dynamic fallback capability in uplink. The upper limit of LTE-A BD is analyzed in Table 1 assuming an UE has the same 12 BD attempts per CC in the common search space and there are additional DCIs for non-contiguous resource allocation (RA) and uplink SU/MU-MIMO.
Table 1. Upper limit of LTE-A BD by new UL DCIs

	Upper limit of BD per CC w/o cross-carrier scheduling
	Fallback principle and PDCCH monitoring behavior

	44
	· UE only monitors the DCI size of 0/1A (all new additional UL DCIs should have the same size as DCI 0/1A)
· Dynamic fallback support

	60
	· UE monitors DCI 0/1A (fallback) and another RRC-configured UL DCI format  (non-contiguous RA or SU/MU-MIMO)

· Dynamic fallback support

	
	· UE monitors DCI 0/1A/non-contiguous RA (DCIs for 0/1A and non-contiguous RA should have the same size.) and another RRC-configured UL DCI format (SU/MU-MIMO)

· Dynamic fallback support

· Dynamic change between non-contiguous RA and SU/MU-MIMO modes

	76
	· UE always monitors all UL DCI formats which have different sizes among 0/1A, non-contiguous RA, and SU/MU-MIMO modes

· Dynamic fallback support

· Dynamic changes among 0/1A, non-contiguous RA, and SU/MU-MIMO modes


The maximum number of BD is 44~76 according to new UL DCI design and monitoring behavior as seen in Table 1. Detailed UE PDCCH monitoring behavior and UL transmission mode fallback principle should be further studied. However, 60 BDs seems to be reasonable for the LTE-A BD upper limit since it seems not feasible that all new UL DCIs have same size as DCI 0/1A especially for the UL MIMO case.
Proposal: In no cross-carrier scheduling, the upper limit for LTE-A BD would be 60 to support dynamic fallback and reasonable new UL DCI design without excessive BD attempts. 
3 Summary
In this contribution, we discuss the upper limit of blind decoding for carrier aggregation considering cross-carrier scheduling and new UL DCI formats. We propose followings:
In case of no cross-carrier scheduling:
· An UE should be able to perform M x 60 BD attempts where M is the number of DL CCs monitored by the UE.
In case of cross-carrier scheduling:
· The default linkage in which the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC should be configured from the maximum blind decoding perspective.
· An UE should be able to perform N x 60 BD attempts where N is the total number of scheduled CCs from PDCCH monitoring CCs.
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