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1 Introduction
In RAN1#60, the blind decoding and search space issues were discussed and the following was agreed. 
Agreements:

· The transmission mode is not constrained to be the same on all CCs scheduled for a UE

· Maximum number of blind decodes that must be supported by a UE even with cross-carrier scheduling:

· Maximum number is FFS, but in any case it is agreed that it will not exceed Nx60

Also, the following is identified as topics for further discussion. 
Topics for further discussion:

· Actual max number of blind decodes

· Consider impact of asymmetric UL/DL configurations 

· Dependency on UE categories?

· including whether CA is within 20 MHz or >20MHz?

· Independent or shared search spaces for multiple carriers.

This document provides our view on number of blind decoding. Additionally, search space design for cross carrier scheduling is discussed. 
2 Number of blind decoding

The number of blind decoding for single carrier and carrier aggregation is separately discussed below. 
2.1 For single CC

In order to support UL MIMO and non-contiguous resource allocation, it has been discussed whether or not to increase the number of BD attempts compared to Rel.8 [1-5]. Three alternatives are considered for DCI design and blind decoding for UL MIMO and non-contiguous resource allocation as discussed below. Alt 1 increases the number of BD attempts while Alt 2, 3 and 4 do not increase it. 
· Alt1: define new DCI format and use separate blind decoding 
The number of blind decoding attempts is increased by 16 (i.e. 44 to 60 in total). UE monitors 3 payload sizes on UE specific search space, i.e. DCI 0/1A, transmission mode dependent DL DCI and transmission mode dependent UL DCI. This alternative is simple from the system design perspective. However, this increases UE complexity and false alarm. 

· Alt2: define new DCI format and align the payload size with configured DL DCI 
UE monitors two payload sizes on the UE specific search space, i.e. DCI 0/1A and another payload size depending on the DL/UL transmission modes. The latter payload size is adjusted to the largest one corresponding to the configured DL and UL transmission mode. A one bit indicator is needed to distinguish the DL and UL format in all respective DCI formats. This alternative does not increase the number of blind decoding attempts and the DL and UL transmission modes can be independently configured.

· Alt3: reuse DCI 0 to support new feature
A one bit indicator to distinguish the transmission scheme is added to DCI 0. When the uplink system bandwidth is equal or smaller than the downlink system bandwidth, the padding bit to align DCI 1A size can be reused as the indicator bit. A potential concern is that the payload size is not sufficiently large to support non-contiguous resource allocation and/or uplink SU-MIMO. Furthermore, the padding bit to align DCI 1A is not available in case the uplink BW is larger than the downlink BW. In this case the payload size becomes different from Rel‑8. This causes a problem on common search space which is used for DL assignments of the common channels. Although the case of UL BW > DL BW should not be optimized, the specification should support such a case.

· Alt4: reuse DCI 1, 2, 2A, 2B to support new feature (details in [6])
This can be considered for UL non-contiguous allocation. In Rel-8, the resource allocation header in the DCI formats 1, 2, 2A, 2B indicate resource allocation types 0 or 1. This alternative redefines the resource allocation header to indicate either one of the following three configurations:

(1) DL allocation type 0 or DL allocation type 1 (as in Rel-8)

(2) DL allocation type 0 or UL non-contiguous allocation
(3) DL allocation type 1 or UL non-contiguous allocation
The configuration of the header is configurable e.g. depending on the cell environment. In our understanding, the main use case of resource allocation type 1 is to fill holes in the RB allocation in case the number of assigned DL UEs per subframe is large. On the other hand, the gain of UL non-contiguous allocation is larger if the number of allocated UL UEs is small [5]. Therefore, to support UL non-contiguous allocation, (2) is a reasonable configuration. However, also configuration (3) may be useful in certain scenarios.    
Discussion 

For UL MIMO, an increase of blind decoding attempts (i.e. Alt1) is reasonable due to the following reasons: 

· The increase of false alarm probability is small since the number of UEs configured for UL MIMO is typically small. 

· The increase of UE complexity is reasonable considering the required UE complexity for supporting UL MIMO. 

For UL non-contiguous resource allocation, several companies showed their preference not to increase of the number of blind decoding attempts.  Among the alternatives above, Alt 4 seems good approach since it supports sufficient number of clusters while minimize the impact on existing DCI format. 
Proposal 1: the number of BD attempts in case of single CC is 60 for UEs configured UL MIMO and 44 for other UEs
2.2 For carrier aggregation

It is reasonable to increase the number of BD attempts according to UE carrier aggregation capability (i.e. number of CCs) because the data rate is increased accordingly. On the other hand, there is a view that the number of BD attempts should be similar level as Rel.8 for carrier aggregation within 20MHz to maintain a similar UE complexity [7]. Therefore, the following two options are discussed below. 
· Option 1: Number of BD attempts depends on number of CCs irrespective of total BW 
· Option 2: Number of BD attempts is constant (similar to Rel8) when total BW is within 20MHz. When the total CC BW >20MHz, number of BD attempts depends on number of CCs. 
Option 1 is simpler from system design perspective because a unified design is possible for any BW. On the other hand, Option 2 is desired from UE complexity point of view if a UE category which supports multiple CCs but the total BW is within 20MHz is defined for HetNet purpose. Therefore, the necessity of Option 2 highly depends on how the UE category is defined and HetNet discussion including CA/non-CA based. 
Proposal 2: Baseline should be the number of BD attempts depends on number of CCs irrespective of total BW. Further discussion may be needed together with UE category and HetNet discussion.  

The actual number of blind decoding for the scaling to the number of CC should be further discussed. 
3 Search space for multiple PDSCH/PUSCH CCs

This section discusses UE-specific search space (UE-SS) on a CC for multiple PDSCH/PUSCH CCs in an operation with cross carrier scheduling. 

In Rel.8, the search space is defined for each CCE aggregation size. For the UE specific search space, there are 6, 6, 2 and 2 candidates for CCE aggregation sizes of 1, 2, 4 and 8, respectively. If the search spaces for multiple CCs are confined within the Rel.8 search space, the probability of a potential collision of PDCCHs targeted for different CCs is increased, i.e. the PDCCH blocking rate increases. This may be a significant problem when one CC carries PDCCHs for a large number of PDSCH/PUSCH CCs. Therefore, it is beneficial to avoid an overlap of search spaces for different CCs. On the other hand, if the overlap is large, the number of BD attempts can be reduced in case some PDCCH payload sizes are identical. It should be noted that this BD reduction does not reduce the hardware complexity, but may only reduce the UE power consumption, since – in a worst case – all payload sizes may be different. In our view the PDCCH blocking rate is more important than the potential power saving (BD reduction). 
Proposal 3: define separate UE-specific search space for different PDSCH/PUSCH CCs in cross carrier scheduling
We identify the following approaches to define separate search spaces for different PDSCH/PUSCH CCs. 
Approach 1: UE-SSs for the different CCs are defined as continuous CCEs starting from the Rel.8 UE-SS (Figure 1)
Approach 2: starting CCE indices for each UE-SS are independently derived using hashing function [11] (Figure 2)
Approach 1 can avoid overlap of UE-SSs for different CCs for the same UE as much as possible. I.e. the UE-SSs for a given UE are not overlapped if there is a sufficient number of CCEs. However, when the UE-SS for UE A for CC1 and UE-SS for UE B for CC1 overlap, the UE-SSs for the remaining CCs also overlap. 

On the other hand, approach 2 randomizes the UE-SS overlap between UEs for all CCs. I.e, an overlap of the UE-SSs for CC1 between UE A and UE B does not necessarily cause an overlap for the remaining CCs. However, UE-SS for the same UEs may overlap as shown in Figure 2. 
In both cases, still the CIF would be required since separate search spaces may overlap due to limited CCE availability, e.g. in narrow bandwidth operation or for a small control region. 
Whether approach 1, approach 2 or alternative approaches are beneficial needs more discussion.
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Figure 1: separate UE-SS for different PDSCH CCs (approach 1)
[image: image2.emf]Aggregation 

level 8

Aggregation 

level 4

Aggregation 

level 2

Aggregation 

level 1

CCE

UE-specific SS for PDSCH CC1 (same as Rel8)

UE-specific SS for PDSCH CC2

UE-specific SS for PDSCH CC3

Derived from hashing function independently


Figure 2: separate UE-SS for different PDSCH CCs (approach 2)
4 Conclusion

In this contribution, we discussed the number of blind decoding for single carrier case and carrier aggregation case, respectively. Our proposals are summarized below.  
Proposal 1: the number of BD attempts in case of single CC is 60 for UEs configured UL MIMO and 44 for other UEs
Proposal 2: Baseline should be the number of BD attempts depends on number of CCs irrespective of total BW. Further discussion may be needed together with UE category.  

In addition, search space design for multiple PDSCH/ PUSCH CCs in cross carrier scheduling. In order to alleviate the PDCCH blocking, we propose the following.  
Proposal 3: define separate UE-specific search space for different PDSCH/PUSCH CCs in cross carrier scheduling
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