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1 Introduction
In RAN1#80, necessary enhancements on DL control signaling for supporting up to 32 component carriers was discussed with the following observations:

· For possible enhancements to DL control signaling,

· 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 share our views on DL control signaling for Rel-13 CA.
2 CRC false detection 
2.1 Impacts of DL grant false detection
Once DL grant false detection occurs, the unintended UE attempts to decode the PDSCH. Almost surely, the unintended UE cannot correctly decode the PDSCH. Therefore, it shall feedback NAK and store meaningless data in HARQ buffer. The impact of DL grant false detection is analyzed as follows [1]:
· Impact on the intended UE: possible PUCCH collision with the unintended UE. 
With more than 2 CCs, channel selection cannot be used. Therefore, implicit PUCCH format 1a/1b resource(s) collision could occur when only a single DL grant (with DAI = 1 for TDD) for PCell is received by the unintended UE.
· If the intended UE transmits a NAK, the HARQ-ACK detection performance of the intended UE may not be impacted much, since both the intended UE and unintended UE transmit NAK using a common PUCCH format 1a/1b resource. The net effect is that when decoding the intended UE’s HARQ-ACK, its effective channel is the combination of the channel gain from the intended and unintended UE.
· If the intended UE transmits an ACK, ACK-to-NAK error probability for the intended UE may be increased, and cause unnecessary L1 HARQ retransmissions without RLC ARQ. 
On the other hand, explicit PUCCH format 3 resource collision could occur when only a single DL grant for SCell or a single DL grant for PCell with DAI>1 for TDD is received. Furthermore, explicit resource indication may also be used by new PUCCH format(s).
· If the intended UE transmits a NAK, the HARQ-ACK detection performance of the intended UE may be impacted much, since the coded bits are different for the intended and unintended UE. Thus, the unintended UE’s PUCCH format 3 (or new PUCCH format) transmission would cause intra-cell interference to the intended UE. The NAK-to-ACK error would cause RLC ARQ.
· If the intended UE transmits an ACK, the HARQ-ACK detection performance of the intended UE may be impacted as well. ACK-to-NAK error would cause unnecessary L1 HARQ retransmissions without RLC ARQ. 
· Impact on the unintended UE: meaningless data stored in soft buffer. If the unintended UE later on is indeed scheduled with a DL transmission for the same HARQ process, then

· If the NDI in the second DL grant is toggled, then the UE shall discard the meaningless data. Therefore, there is no system impact due to the false detection of the first DL grant.
· If the NDI in the second DL grant is not toggled, 
· If the TBS indicated by the second DL grant is different from the first false detected DL grant, there is no significant system impact due to the false detection of the first DL grant.
· If the TBS indicated by the second DL grant is the same as the first false detected DL grant, the UE shall perform soft combining of the newly received data and the meaningless data in soft buffer, which may lead to soft buffer corruption and RLC ARQ. However, the probability of NDI not toggled is about 10% (10% BLER), and the probability of a false detected DL grant having the same TBS as a truly scheduled DL grant is very small, since the probability of a TBS in Rel-10 TBS table (without 256QAM)  is at most.1.28%. However, from a per carrier perspective (or even a per HARQ process perspective), the adverse effect on the unintended UE due to DL grant false detection is not worse than Rel-10 carrier aggregation.
Base on the above analysis, the amount of unnecessary L1 retransmissions caused by implicit PUCCH format 1a/1b resource collision for the intended UE due to DL grant false detection by other UEs is roughly 
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The amount of unnecessarily L1 retransmissions cased by explicit PUCCH resource collision for the intended UE due to DL grant false detection by other UEs is roughly
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where 

· 
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 is number of RRC_CONNECTED UEs in system;

· 
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 is the number of (E)PDCCH blind decodings per UE in PCell;

· For FDD, 
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 is the number of (E)PDCCH blind decodings per UE for SCells;

· For TDD, 
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 is the number of (E)PDCCH blind decodings per UE for PCell and SCells;
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is the false CRC pass probability for a single UE and a single BD with L-bit (E)PDCCH CRC;

· 
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is the percentage of active UEs performing DL grant monitoring in a subframe, which depends on DRX configurations;

· 
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is the probability of PUCCH collision between the intended and unintended UEs;

· 
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are the probability of the intended UE transmits an ACK and NAK, respectively;
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are the ACK-to-NAK error and NAK-to-ACK error respectively, with colliding PUCCH resources.
2.2 Impact of UL grant false detection
Once UL grant false detection occurs, the unintended UE shall transmit data on PUSCH, which may lead to an UL packet loss and RLC ARQ, or interfere with an intended UE’s PUSCH transmission. The impact of UL grant false detection is summarized below [1]:

· Impact on unintended UE: 

· The unintended UE would transmit PUSCH and waste its transmit power. Note that if the unintended UE does not have any UL data to transmit, the UE shall transmit a buffer status report of zero. 

· If the unintended UE has data to transmit in UL, then false detection of an UL grant may lead to the loss of an UL packet, which then requires RLC ARQ. However, from a per carrier perspective (or even a per HARQ process perspective), the adverse effect on the unintended UE due to UL grant false detection is not worse than Rel-10 carrier aggregation.
· Impact on intended UE: Due to the property of synchronous HARQ in UL, the PUSCH transmission from the unintended UE may consistently interfere with the PUSCH transmission of the intended UE. Since false detection of an UL grant only creates intra-cell interference on one carrier, it is reasonable to study the probability of such intra-cell interference from a per carrier basis. From a per carrier perspective, the adverse effect on the intended UE due to UL grant false detection by unintended UE is not worse than Rel-10 carrier aggregation.
Base on the above analysis, for an unintended UE, the probability of unnecessary UE power consumption in a subframe on a per UE basis due to UL grant false detection is roughly
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where

· 
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 is the number of (E)PDCCH blind decodings for UL grant per UE in one subframe; 

· 
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is the reduction factor due to inconsistent checks in UL grant.
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is the false CRC pass probability for a single UE and a single BD with L-bit (E)PDCCH CRC.
2.3 Numeric results

In this section, numeric results of DL/UL grant false detection probabilities which are decreased when more CCs are aggregated are shown with the following assumptions [1]:

· System bandwidth: 10MHz

· Expected number of UEs in RRC_CONNECT: 
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, all of which are assumed to be configured with carrier aggregation with the number of aggregated carriers listed in the table.
· Number of blind decoding in DL grant:  44 for PCell and 32 for SCell

· Number of blind decoding in UL grant:  22/38 (SIMO/MIMO) for PCell and 16/32 for SCell

· Percentage of active UEs performing DL grant monitoring in one subframe: 
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· Probability of ACK/NAK collision between the intended and unintended UEs: 
· For implicit PUCCH resource, 
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 assuming 10 scheduled UEs per subframe and 50 CCEs (i.e. 50 dynamic ACK/NAK channels)
· For explicit PUCCH resource, 
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(i.e. 4 PUCCH resources can be indicated by ARI)
· Probabilities of the intended UE transmits an ACK and a NAK: 
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 (10% BLER)
· 
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are both assumed to be 0.5.

Table 1:  DL CRC false detection probability 
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	Self-carrier scheduling
	0.0024
	0.0048
	0.0073
	0.0097
	0.0121

	
	2 CCs scheduled by one CC
	0.0042
	0.0083
	0.0125
	0.0167
	0.0209

	
	5 CCs scheduled by one CC
	0.0094
	0.0189
	0.0283
	0.0378
	0.0472

	
	8 CCs scheduled by one CC
	0.0147
	0.0294
	0.0442
	0.0589
	0.0736

	
	32 CCs scheduled by one CC
	0.0569
	0.1138
	0.1707
	0.2276
	0.2845
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for FDD 


	2 CCs
	0.0022 
	0.0044 
	0.0066 
	0.0088 
	0.0110 

	
	5 CCs
	0.0088 
	0.0176 
	0.0264 
	0.0352 
	0.0439 

	
	8 CCs
	0.0154 
	0.0308 
	0.0461 
	0.0615 
	0.0769 

	
	32 CCs
	0.0681 
	0.1362 
	0.2043 
	0.2725 
	0.3406 
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for TDD
	Single CC
	0.0030 
	0.0060 
	0.0091 
	0.0121 
	0.0151 

	
	2 CCs
	0.0052 
	0.0104 
	0.0157 
	0.0209 
	0.0261 

	
	5 CCs
	0.0118 
	0.0236 
	0.0354 
	0.0472 
	0.0591 

	
	8 CCs
	0.0184 
	0.0368 
	0.0552 
	0.0736 
	0.0920 

	
	32 CCs
	0.0711 
	0.1423 
	0.2134 
	0.2845 
	0.3557 
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for FDD 


	2 CCs
	0.0002 
	0.0005 
	0.0007 
	0.0010 
	0.0012 

	
	5 CCs
	0.0010 
	0.0020 
	0.0029 
	0.0039 
	0.0049 

	
	8 CCs
	0.0017 
	0.0034 
	0.0051 
	0.0068 
	0.0085 

	
	32 CCs
	0.0076 
	0.0151 
	0.0227 
	0.0303 
	0.0378 
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for TDD
	Single CC
	0.0003 
	0.0007 
	0.0010 
	0.0013 
	0.0017 

	
	2 CCs
	0.0006 
	0.0012 
	0.0017 
	0.0023 
	0.0029 

	
	5 CCs
	0.0013 
	0.0026 
	0.0039 
	0.0052 
	0.0066 

	
	8 CCs
	0.0020 
	0.0041 
	0.0061 
	0.0082 
	0.0102 

	
	32 CCs
	0.0079 
	0.0158 
	0.0237 
	0.0316 
	0.0395 


Table 2: UL CRC false detection probability (
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	SIMO
	MIMO

	Single UL CC
	0.00008
	0.00014

	2 UL CCs
	0.00014
	0.0003

	5 UL CCs
	0.0003
	0.0006

	8 UL CCs
	0.0005
	0.0010

	32 UL CCs
	0.0020
	0.0039


Table 1 shows the probability of L1 retransmissions or RLC retransmissions for intended UEs caused by PUCCH collision, and Table 2 shows the probability of unnecessary UE power consumption for the unintended UEs. The following observations can be made:
· The probability of L1 retransmission due to implicit PUCCH format 1a/1b resource collision (i.e. 
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) can be high, especially when one serving cell cross carrier schedules many serving cells. It is therefore recommended not to cross schedule many serving cells from one serving cell in the DL. 

· The probability of L1 retransmission due to explicit PUCCH resource collision (i.e. 
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) can be high, especially for UEs aggregating a larger number of serving cells. In order to reduce the DL RLC retransmission, different explicit PUCCH resources shall be assigned to different groups of UEs, which effectively reduces the value of K in the evaluations. In addition, it is recommended to consider increasing the number of ARI bits in the DL grant, such that the collision probability of explicit PUCCH resource can be reduced.
· The probability of DL RLC retransmission due to explicit PUCCH resource collision (i.e. 
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) is relatively low. This probability can be further reduced if different groups of UEs are assigned with different explicit PUCCH resources and/or if the number of ARI bits is increased. However, if the target unnecessary DL RLC retransmission shall be kept as low as 1e-4, then additional mechanism shall be considered.

· From per UE power consumption perspective, aggregating up to 32 CCs does not pose any serious issue.

With the above observations, we have the following proposal:

Proposal 1: The design of resource allocation of the new PUCCH format for Rel-13 CA shall consider reducing the unnecessary L1 retransmission and RLC retransmissions due to DL grant false detection. 

3 CIF
For cross-carrier scheduling, following two approaches for CIF bit-width were proposed:

· Approach 1: Extending the CIF to 5 bits
Up to 32 carriers can be scheduled by one scheduling carrier. eNBs can flexibly configure the scheduling relationship between the component carriers. 

· Approach 2: Keeping the CIF to 3 bits
Up to 8 carriers can be scheduled by one scheduling carrier. Limitation to eNBs for configuring the scheduling relationship between the component carriers exists but may not be severe. On the other hand, considering the DL control load on the scheduling carrier due to cross-carrier scheduling, it is useful to restrict the maximum number of carriers scheduled by one scheduling carrier.
Considering the (E)PDCCH load on scheduling cells and the DCI overhead, we propose that keeping the CIF to 3 bits.
Furthermore, once the maximum number of CCs can be scheduled by one CC is limited to 8, no enhancement on PHICH is needed.

Proposal 2: CIF is kept to 3 bits for Rel-13 CA.
Proposal 3: No enhancement on PHICH is needed for Rel-13 CA. 
4 eIMTA signaling
DCI format 1C with new RNTI is used for TDD UL/DL reconfiguration in Rel-12 eIMTA. The reconfiguration signaling is transmitted on CSS in PCell. Once up to 32 CCs are enabled for eIMTA for one UE, the reconfiguration signaling for different CCs should be transmitted in different subframe, i.e. no additional DCI format is used for eIMTA signaling. More flexible configuration on the subframes to monitor the reconfiguration DCI can be considered.
Proposal 4: No additional DCI format is used for eIMTA signaling to support up to 32 CCs. More flexible configuration on the subframes to monitor the eIMTA signaling can be considered.
5 Conclusions
In this contribution, CRC false detections for supporting up to 32 CCs are analyzed. Furthermore, we discuss other DL control enhancements for supporting up to 32 CCs with the following proposals:
Proposal 1: The design of resource allocation of the new PUCCH format for Rel-13 CA shall consider reducing the unnecessary L1 retransmission and RLC retransmissions due to DL grant false detection. 

Proposal 2: CIF is kept to 3 bits for Rel-13 CA.

Proposal 3: No enhancement on PHICH is needed for Rel-13 CA. 

Proposal 4: No additional DCI format is used for eIMTA signaling to support up to 32 CCs. More flexible configuration on the subframes to monitor the eIMTA signaling can be considered.
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