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Introduction
In RAN1#85 and 84bis meetings, the issue of PUCCH frequency retuning for BL/CE UEs has been discussed [2-7] with the following proposal:
Proposal:
· Revoke the following RAN1#84 agreement:
· Shortening of PUCCH 1/1a/1b in the first slot of a subframe is realized by using in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.
· Agree the following proposal:
· For PUCCH 1/1a/1b, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively
· However, if the prior subframe is an SRS subframe, shortened format of legacy behaviour is applied, i.e., shortened format is applied in the prior subframe, and first symbol of the latter subframe is punctured.

However, the above proposal has not been agreed:
· Reasons: othogonality is broken for multiplexing different UEs, difficult to acheive the target of 10^-3 performance

Based on that, it was agreed offline to evaluate the performance of PUCCH frequency retuning by comparing Puncturing and RateMatching schemes. In addition, all other issues captured in R1-165869 which are problematic cases can also be discussed and considered in the final decision.
In this contribution, we just provide simulation results comparing Puncturing and RateMatching schemes by applying simulation assumptions [1] agreed offline from the email discussion.

Performance Results of Puncturing vs. RateMatching schemes
The PUCCH structure (i.e. ACK/NACK channelization structure) has two elements of cyclic shift and orthogonal cover code allocations as described in TS 36.211. Based on this structure, we have compared the performance of Puncturing and RateMatching schemes for PUCCH frequency retuning in which PUCCH carries only one ACK/NACK bit (i.e. PUCCH Format 1a) for one user. The frequency hopping interval is one subframe which forces the UE to retune to another narrowband for transmitting the PUCCH format.
The performance results are “missed detection rate” and “false alarm rate” collected from PUCCH Format 1a where only 12 users are transmitted on the same PRB resources. The multiplexed users have different power offsets of 0dB, -3dB and +3dB labelled as Goup1, 2 and 3 respectively. 
According to the performance requirements in RAN4 [10-11], the false alarm (DTXACK) rate shall not exceed 1% and the ACK missed detection (ACKNACK) probability shall not exceed 1%.
 

For lightly/moderately loaded scenario where there are only 12 users multiplexing capacity per PRB (i.e.= 3), Table 1 below shows the initial allocation of the PUCCH resource indices where users with the same power levels have the same colour and labelled as same group in our simulations. Note that Table 1 is in line with the current specifications.
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 Table 1: Initial PUCCH resource allocation for the case of 12 ACK/NACK channels with normal CP (shift = 3) [8]
Figure 1a shows the simulation results of missed detection rate (NACK-to-ACK BLER) from the first user of each group. In this case there is no performance difference between Puncturing and RateMatching schemes for PUCCH frequency retuning, because in this case, the ACK/NACK channelization structure applies different cyclic shifts to separate users as well as different orthogonal cover codes (OCC). 
[bookmark: _GoBack]Furthermore, Figure 1b shows the simulation results of false alarm rate (DTX-to-ACK Probability) of one user where all 12 users are transmitting PUCCH Format 1a, except the user with tested signal (i.e. DTX) where eNB may mistakenly detect ACK due to loss of orthogonality or interferences. It can be seen that there is no performance difference between Puncturing and RateMatching schemes for PUCCH frequency retuning.
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Conclusion
In this contribution, we have provided simulation results comparing Puncturing and RateMatching schemes for PUCCH frequency retuning by applying simulation assumptions agreed offline from the email discussion. The simulation results show that:
· For lightly/moderately loaded scenario where there are only 12 users multiplexing capacity per PRB (i.e. shift = 3), there is no performance difference between Puncturing and RateMatching schemes for PUCCH frequency retuning, because in this case, the ACK/NACK channelization structure applies different cyclic shifts to separate users as well as different orthogonal cover codes (OCC). 
Therefore considering also all other issues discussed in R1-165869 which are problematic cases, we have the following proposal:
Proposal:
· Revoke the following RAN1#84 agreement:
· Shortening of PUCCH 1/1a/1b in the first slot of a subframe is realized by using in the first slot with PUCCH 1/1a/1b resource mapping from symbols 1 through 6 in the first slot while maintaining the existing PUCCH 1/1a/1b DM-RS locations.
· Agree the following proposal:
· For PUCCH 1/1a/1b, UL retuning gaps are generated by puncturing of the affected SC-FDMA symbols: last symbol and first symbol of the prior and the latter subframe respectively
· However, if the prior subframe is an SRS subframe, shortened format of legacy behaviour is applied, i.e., shortened format is applied in the prior subframe, and first symbol of the latter subframe is punctured.
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Simulation assumptions 
· Simulation assumptions for BLER evaluations of PUCCH Format 1a with puncturing or rate matching for retuning between narrowbands
	       Parameter
	       Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Antenna
	1 x 2

	Channel Model
	EPA, 1 Hz

	PUCCH Transmission RBs
	5, 44

	Number of HARQ-ACK Bits
	1 (FDD)

	Number of Repetitions (subframes)
	2

	Frequency hopping interval
	1 subframe

	Number of UEs per PRB
	12

	UE SINR Offsets
	4 UEs at +3 dB, 4 UEs at 0 dB, 4 UEs at -3 dB

	Puncturing
	Last symbol of first subframe and first symbol of second subframe are punctured – OCC=4

	Rate Matching
	Last symbol of first subframe and first symbol of second subframe are rate matched – OCC=3

	DTX-to-ACK Probability
	1%

	NACK-to-ACK BLER
	0.1%
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    Figure 1 a (Left):   Missed Detection Rate for PUCCH Format 1a.           Figure 1 b   (Right) . False Alarm Rate for PUCCH Format 1a  
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