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1 Introduction
In RAN1#80bis, the false detection of DL grant was discussed with no conclusion. In this contribution, we further discuss the false detection of DL grant with up to 32 DL CCs.
2 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. 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%.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;
· 
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 is the ratio of UEs with low SNR.
3 Numeric results

In this section, numeric results of DL 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

· Percentage of active UEs performing DL grant monitoring in one subframe: 
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 = [0.05, 0.1, 0.2, 0.3, 0.4, 0.5]

· 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

· 
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 is assumed to be 0.3.
Table 1:  DL CRC false detection probability 
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	5%
	10%
	20%
	30%
	40%
	50%

	Number of active CA UEs
	20
	40
	80
	120
	160
	200
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	Self-carrier scheduling
	0.00036
	0.00073
	0.00145 
	0.00218 
	0.00290 
	0.00363 

	
	2 CCs scheduled by one CC
	0.00063
	0.00125
	0.00250 
	0.00376 
	0.00501 
	0.00626 

	
	5 CCs scheduled by one CC
	0.00142
	0.00283
	0.00567 
	0.00850 
	0.01134 
	0.01417 

	
	8 CCs scheduled by one CC
	0.00221
	0.00442
	0.00883 
	0.01325 
	0.01767 
	0.02208 
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for FDD 


	2 CCs
	0.00033
	0.00066
	0.00132
	0.00198
	0.00264
	0.00330

	
	5 CCs
	0.00132
	0.00264
	0.00527
	0.00791
	0.01055
	0.01318

	
	8 CCs
	0.00231
	0.00461
	0.00923
	0.01384
	0.01846
	0.02307

	
	32 CCs
	0.01022
	0.02043
	0.04087
	0.06130
	0.08174
	0.10217
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for TDD
	Single CC
	0.00045
	0.00091
	0.00181
	0.00272
	0.00363
	0.00453

	
	2 CCs
	0.00078
	0.00157
	0.00313
	0.00470
	0.00626
	0.00783

	
	5 CCs
	0.00177
	0.00354
	0.00709
	0.01063
	0.01417
	0.01772

	
	8 CCs
	0.00276
	0.00552
	0.01104
	0.01656
	0.02208
	0.02760

	
	32 CCs
	0.01067
	0.02134
	0.04268
	0.06402
	0.08536
	0.10670
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for FDD 


	2 CCs
	0.00004
	0.00007
	0.00015
	0.00022
	0.00029
	0.00037

	
	5 CCs
	0.00015
	0.00029
	0.00059
	0.00088
	0.00117
	0.00146

	
	8 CCs
	0.00026
	0.00051
	0.00103
	0.00154
	0.00205
	0.00256

	
	32 CCs
	0.00114
	0.00227
	0.00454
	0.00681
	0.00908
	0.01135
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for TDD
	Single CC
	0.00005
	0.00010
	0.00020
	0.00030
	0.00040
	0.00050

	
	2 CCs
	0.00009
	0.00017
	0.00035
	0.00052
	0.00070
	0.00087

	
	5 CCs
	0.00020
	0.00039
	0.00079
	0.00118
	0.00157
	0.00197

	
	8 CCs
	0.00031
	0.00061
	0.00123
	0.00184
	0.00245
	0.00307

	
	32 CCs
	0.00119
	0.00237
	0.00474
	0.00711
	0.00948
	0.01186


Table 1 shows the probability of L1 retransmissions or RLC retransmissions for intended UEs caused by PUCCH collision. 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, when multiple UEs are configured with cross-carrier scheduling and many serving cells are scheduled by one serving cell. 
· The probability of L1 retransmission due to explicit PUCCH resource collision (i.e. 
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) can be high, with many 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. 
· 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.

The severeness of the DL grant false detection depends on the number of active UEs in a subframe aggregating many DL serving cells. The PUCCH resource allocation can be used to alleviate the adverse effects due to DL grant false detection, as the expense of additional PUCCH overhead. 
4 Conclusions
In this contribution, CRC false detections for supporting up to 32 CCs are analyzed. With a large number of active UEs in a frame aggregating many DL serving cells, the issue of DL grant false detection cannot be ignored. Assigning different PUCCH resources for different groups of UEs can reduce the PUCCH resource collision due to DL grant false detection, thereby reducing unnecessary L1 and RLC retransmission.  

5 References
[1]. R1-100873, “PDCCH false detection in LTE-A”, CATT

[2]. R1-150103, “Enhancements to support carrier aggregation with up to 32 component carriers”, CATT

[3]. R1-150104, “Enhancements to DL control signaling for Rel-13 CA”, CATT






PAGE  

_1489901805.unknown

_1490078257.unknown

_1490079198.unknown

_1492925221.unknown

_1492925225.unknown

_1492925238.unknown

_1490079736.unknown

_1492925059.unknown

_1490079433.unknown

_1490079141.unknown

_1489901819.unknown

_1490077230.unknown

_1490077725.unknown

_1489901811.unknown

_1489585374.unknown

_1489587322.unknown

_1489587378.unknown

_1489587842.unknown

_1489587305.unknown

_1327199555.unknown

_1489581593.unknown

_1489581693.unknown

_1489566575.unknown

_1327082052.unknown

