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1 Introduction

In RAN1#80 meeting, many observations were reached on DL control signalling for up to 32 component carriers. There are still some remaining issues should be further discussed or considered [1]. 
· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified

· Please note, that other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 

· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:

· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

· FFS including:

· CIF (3bit vs. 5bit) as part of the UL/DL grants

· USS definition (in case of 3bit vs. 5bit CIF)

· Aspects to be considered (not limited to):

· DL control channel capacity limitation

· (E)PDCCH blocking/collision

· PHICH blocking/collision

· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

· Improved UE power saving

· Potential limitations of the eIMTA signaling
In this contribution, we give our views for the remaining issues on DL control signalling for up to 32 component carriers, including:

· Self-carrier scheduling
· Cross-carrier scheduling
· Others potential issues including PHICH and eIMTA DCI
2 Self-carrier scheduling
In the last meeting, for the purpose of self-scheduling itself, no needed enhancements were identified as observations
With self-carrier scheduling, the DCI content is independent of the number of component carriers. The common search space definition is not related to the number of component carriers. Likewise for the user specific search space definition of PDCCH or EPDCCH, the DCI contents are also not related to the number of component carriers. Therefore, no enhancements of the search spaces are needed if the DCI overhead, the number of (E)PDCCH blind decodes and the false detection rate, which all linearly scale as the number of aggregated component carriers increases, are acceptable. 
Proposal 1: Enhancement to self-carrier scheduling is not needed if it can be acceptable that the DCI overhead, the number of (E)PDCCH blind decodes and the false detection rate all linearly scale as the number of aggregated component carriers increases.  
3 Cross-carrier scheduling
In Rel-10 CA, for UL/DL DCI formats 0/1/1A/1B/1C/1D/2/2A/2B/2C/2D/4, a 3-bit carrier indication field (CIF) is included when cross-carrier scheduling is configured, supporting up to 5 component carriers. However, for up to 32 component carriers in UL/DL, the 3-bit CIF may be not enough. 

3.1 3-bit CIF size or 5-bit CIF size
Directly extending the 3-bit CIF to 5-bit CIF appears to be a straightforward way to support up to 32 component carriers..However, when a large number of component carriers can be configured for cross-scheduling from a single scheduling cell, it causes a large number of DCIs on (E)PDCCH of the scheduling cell. That is obviously limited by of DL control channel capacity for a carrier. Generally, it is not possible to map many DCIs in a scheduling carrier. In addition, there is no clear scenarios where one carrier has to be used to cross-schedule more than 8 carriers.
Maintaining the3-bit CIF is another option. This option does not impact any L1 signaling since there is no change DCI size and USS definition compared with Rel.10 CA. However, 3-bit CIF only can support a maximum of 8 component carriers to cross-carrier scheduling. Currently, the linkage of a PDSCH/PUSCH carrier and its scheduling (E)PDCCH carrier is configured by RRC dedicated signalling. If 3-bit CIF is kept, nothing is required to be modified whenever one (E)PDCCH carrier is linked with no more than 8 PDSCH/PUSCH carriers. 
Considering 8 component carriers could be configured to be cross-scheduled from a single scheduling cell and, there is no clear scenarios where one carrier has to be used to cross-schedule more than 8 carriers, we think the 3-bit CIF solution is more reasonable for cross-carrier scheduling.
Proposal 2: Maintain 3-bit CIF for cross-carrier scheduling in Rel-13 CA.

3.2 DL control capacity limitation and blocking

In Rel-10 CA, the CIF value is used to randomize the location of (E)PDCCH search space for each scheduled carrier in order to mitigate the blocking probability among different cross-scheduled carriers. In case of DCIs with same payload size for different carriers, their search spaces can be shared on the cross-scheduling carrier for increasing the scheduling flexibility but not increasing the number of blind decodes. 
In Rel-13 CA, if 8 component carriers were cross-scheduled by one carrier, the issues for DL control capacity limitation and blocking are not much worse than that in Rel-10 when maximum 5 component carriers are cross-scheduled by one carrier. If a large number of carriers were cross-scheduled by one carrier, control channel capacity or collision will be a problem. In order to deal with control channel capacity or collision on one scheduling carrier, a joint DCI may be also beneficial to be introduced to grant PDSCH/PUSCH for multiple component carriers. In addition, the resource allocation granularity could be optimized if a large number of component carriers is scheduled in one DCI in order to save DCI overhead [2]
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[3]. 
In addition, CIF-disabled search space determination or shared search space is mentioned [4][5]. However, it is worse from intra-UE (E)PDCCH blocking perspective, since all the cross-scheduled carriers from one carrier have an overlapped search space. Even this method can reduce the number of (E)PDCCH blind decodes. Considering that (E)PDCCH blocking is important than the reduction in blind decoding, and CIF-based search space determination should be kept. 
Proposal 3: Keep the CIF based UE-specific search space determination scheme in Rel-13 CA. 
Proposal 4: A joint DCI may be considered for grant PDSCH/PUSCH for multiple component carriers. Coarse resource allocation granularity could be considered in case of a large number of scheduled component carriers in a joint DCI. 
4 Others potential issues 
Other potential issues related to DL control enhancements are discussed in this section, including PHICH collision and eIMTA based DCI design. 
4.1 PHICH enhancement to support up to 32 component carriers 
In the current specifications [6], a PHICH resource is identified by the index pair, where 
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 is mapped from the cyclic shift for DMRS field in the most recent PDCCH with uplink DCI format for the transport block(s) associated with the corresponding PUSCH transmission. 
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 in the first slot of the corresponding PUSCH transmission. 
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Therefore, the distinction between PHICH resources mainly depends on 
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 can avoid PHICH resource collision corresponding to the same lowest PRB index in multiple UL carriers. 

For the WID, if one DL carrier schedules 32 UL carriers, PHICH resource collision may occur. However, PHICH collision may be avoided by selecting 
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 judiciously. In addition, cross-carrier scheduling 32 UL carriers will cause a very large number of DCIs on (E)PDCCH and DL control channel loading. Generally, there is little possibility to configure that many UL carriers since each UL carrier will be independently configured with a cross scheduling DL carrier by higher layers.

If one DL carrier schedules 8 UL carriers, the issues for DL control capacity limitation and PHICH resource blocking are not much worse than that in Rel-10 when the maximum 5 of UL carriers are scheduled by one DL carrier. In addition, there is no clear scenario where one carrier has to s used to schedule more than 8 carriers.

Therefore, we think it is no needed to PHICH enhancement provided that there is no clear scenario to configure more than 8 UL component carriers to one DL carrier
Proposal 5: No PHICH enhancement if there is no clear scenario where one carrier has to be used to schedule more than 8 carriers.  

4.2 eIMTA enhancement to support up to 32 component carriers 
In Rel-12 eIMTA, DCI format 1C is used to indicate the variable TDD configurations of one or multiple CCs. When CA is considered in eIMTA, two or more indicators (each indicator has three bits) for the corresponding two or more eIMTA-enabled cells can be signaled. The mapping of eIMTA cells to the indicators is pre-linked via RRC dedicated signalling. Due to the limited payload size of DCI format 1C, a maximum of 5 eIMTA enabled cells can be signaled for one UE. 
For eIMTA when CA up to 32 CCs is supported, the limited payload size of DCI format 1C may cause scheduling difficulties for eIMTA. However, the case when a very large number of CCs all configured as eIMTA enabled may be rare. If supported, a straightforward solution is to permit configuring more than one eIMTA RNTIs for one UE, and the TDD configurations of different cells can be indicated by different DCI format 1C with different eIMTA RNTIs. If the capacity of the common search space is limited, TDM of these DCI format 1C with different eIMTA RNTI can be performed. Whether TDM or not, increasing detected RNTIs does not increase the number of PDCCH blind decodes. In addition, eIMTA configurations for multiple carriers within a band may be same to reduce signaling load.
Proposal 6: There may be no need to enhance DCI format 1C for eIMTA operation. If needed, more than one eIMTA RNTIs or the same eIMTA configuration for multiple carriers within a band could be considered.  
5 Conclusions

This contribution discusses the DL control signalling issues on up to 32 component carriers. According the discussion, we propose:
Proposal 1: No enhancement to self-carrier scheduling is needed if it can be acceptable that the DCI overhead, the number of (E)PDCCH blind decodes and the false detection rate are all linearly scaled as the number of aggregated component carriers increase.  

Proposal 2: Maintain 3-bit CIF for cross-carrier scheduling in Rel-13 CA.

Proposal 3: Keep the CIF based UE-specific search space determination scheme in Rel-13 CA. 
Proposal 4: A joint DCI may be considered for grant PDSCH/PUSCH for multiple component carriers. Coarse resource allocation granularity could be considered in case of a large number of scheduled component carriers in a joint DCI. 
Proposal 5: No PHICH enhancement if there is no clear scenario where one carrier has to be used to schedule more than 8 carriers.  

Proposal 6: There may be no need to enhance DCI format 1C for eIMTA operation. If needed, more than one eIMTA RNTIs or the same eIMTA configuration for multiple carrier within the same band could be considered 
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