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A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. In [2], design options for a new PUCCH format supporting up to 32 DL component carriers were discussed accompanied by link-level simulation results and a PUSCH-like based design is proposed for Rel-13 CA enhancements. At RAN1#82, it was agreed to introduce at least one new PUCCH format in Rel-13 CA based on PUSCH-like structure with a few details for further study. 
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
In this contribution, we provide our views on remaining details of new PUCCH format based on PUSCH-like design with additional link-level simulation results. 
Discussion
Frequency hopping
Slot-based frequency hopping was agreed to be supported for the PUSCH-like PUCCH format but there was an FFS point regarding whether additional configuration flexibility is needed. 
In our understanding, one motivation for this configurability is to enable frequency offset estimation if one DMRS per slot is adopted. In this case, the frequency diversity gain cannot be achieved which is in general important for control channel information. Another motivation is to enable the possibility of frequency selective scheduling for PUCCH. However, this also does not seem to be well identified given that the number of PUCCH resource candidates will be limited. Furthermore, these candidate resources are configured by higher layer signalling and most likely contiguous in frequency in order to avoid frequency resource fragmentation. Therefore, the practical gain from frequency selective scheduling is questionable. 
Given the reasons above, it is preferred that slot-based frequency hopping is always enabled for the PUSCH-like PUCCH format. 
Proposal: 
· Slot-based frequency hopping is always enabled for the new PUCCH format.

UE Frequency offset 
In [2], link-level simulation results are provided for the PUSCH-like design option with 1 or 2 DMRS/slot and 1-6 number of allocated PRBs per UE. Based on the simulations, it was concluded that one new PUCCH format based on PUSCH-like design can be used to support HARQ-ACK payload size up to 128 bits with reliable performance. Regarding the number of DMRSs, it is observed that 2 DMRS/slot performs well in the majority of considered scenarios. One DMRS/slot only performs better if the code rate is very high which can be alleviated by increasing the number of PRBs. 
Herein, we further study the impact of UE frequency offset on the operating SNR when using 1 DMRS/slot and 2 DMRS/slot. The different curves show the operating SNR as a function of the payload for a UE frequency offset of 0, 200, or 400 Hz. We are especially interested in the case with 1 DMRS/slot, since here the frequency offset is difficult to estimate in the eNB. If a 2 DMRS/slot format is adopted on the other hand, algorithms exist that can be used to compensate for the frequency offset. We therefore also plot curves for the 2 DMRS/slot with no frequency offset as a reference.. As noted above, 2 DMRS/slot performs better at low and moderate payload. Taking the frequency offset into account we observe the following:
Observation:  
· 1 DMRS/slot with a frequency offset of up to 200 Hz performs the same as 2 DMRS/slot with no frequency offset except at 128 bit payload with only 1 PRB. 
· 1 DMRS/slot with a frequency offset of 400 Hz performs 1 dB worse than 2 DMRS/slot without frequency offset.
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Figure 1: Operating SNR, EPA 3 km/h, 8 bits CRC.
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Figure 2: Operating SNR, ETU 3 km/h, 8 bits CRC.

The often assumed inaccuracy of the UE oscillator of ± 0.1ppm may give a frequency error of 250 Hz at a carrier frequency of 2.5 GHz and 350 Hz at a carrier frequency of 3.5 GHz. Any significant velocity of the UE also contributes to the frequency error. Thus, in order to use deployments at 3.5 GHz it is important to allow for mechanisms to correct frequency offset errors.  
Observation:  
· Using 2 DMRS/slot allows for frequency offset estimation while still benefitting from frequency diversity due to slot-based frequency hopping.
· 2 DMRS/slot performs better than 1 DMRS/slot at low and moderate payloads even without frequency offset compensation.
· Using 2 DMRS/slot often allows for improved use of interference rejection combining in scenarios with inter-cell interference.

Based on these observations we propose the following:
Proposal:
· The new PUCCH format shall use 2 DMRS/slot.
Encoding of more than one type of UCI
The reason for separate encoding of CQI and HARQ feedback when UCI is reported on PUSCH is the different BLER requirements for the different kinds of UCIs. In Rel-10, the BLER target of different UCIs have been discussed for the design of UCI on PUSCH as in [3], wherein the BLER target of CQI is around 1%-10%, while the BLER target of HARQ feedback is much lower in order to avoid costly RLC retransmissions. We note that in the proposed new PUCCH format the use of a CRC to protect from NACK-to-ACK-errors brings the BLER of the new format to ~1% also for HARQ feedback, reducing the need for separate encoding of HARQ feedback and CQI. Joint encoding also allows for a larger coding gain compared with separate encoding.
In LTE, when the number of CQI bits reported is larger than 11 bits, an 8-bit CRC is attached. Using separate CRCs for separate types of UCI, e.g. HARQ-ACK and CQI, increases the code rate and we see from Figure 3 and 4 in [2] that eight additional CRC bits raise the operating SNR by ~0.5 dB. On the other hand, using a single CRC would lead to ACK-to-NACK-errors if only CQI bits are decoded in error. However, we note that most decoding errors of the TBCC lead to having several bits in error, making this kind of event rare.  
Observations:
· The BLER target for HARQ feedback of the new PUCCH format is close to the BLER target of CQI.
· Using separate CRCs for separate types of UCI increases the code rate but does not significantly reduce the probability of decoding error.
Based on these two observations we propose the following:
Proposal:
· When transmitting more than one kind of UCI over the new PUCCH format they shall be encoded jointly.
· If the number of HARQ bits > 22 or if the number of CQI bits > 11, use one set of CRC bits to protect all UCI.  
Physical resource mapping
If joint coding is adopted for the new PUCCH, it is possible to reuse the PUSCH resource mapping procedure for the new PUCCH format, i.e. the channel interleaver and physical resource mapping for PUSCH can be applied for new PUCCH format. On the other hand, if separate coding is adopted, the physical resource mapping for PUCCH may depend on what kind of UCI is actually transmitted, i.e. HARQ-ACK(SR if present)/P-CSI only or HARQ-ACK(SR) + P-CSI. For HARQ-ACK(SR if present)/P-CSI only transmission, it is possible to reuse the PUSCH resource mapping rules while for the case of HARQ-ACK(SR) + P-CSI, it is possible to reuse the physical resource mapping rules for UCI-only-PUSCH in Rel-12. 
As indicated in the previous section, join coding is preferred for the new PUCCH format hence we propose the following:
Proposal:
· PUSCH resource mapping is applied for the new PUCCH format.
Conclusion
In this contribution we discussed the PUCCH format design for CA enhancements to support up to 32 component carriers and provided link-level simulation results. The above discussions and observations can be summarized as follows.
Observations:
· 1 DMRS/slot with a frequency offset of up to 200 Hz performs the same as 2 DMRS/slot with no frequency offset except at 128 bit payload with only 1 PRB.
· 1 DMRS/slot with a frequency offset of 400 Hz performs 1 dB worse than 2 DMRS/slot without frequency offset.
· Using 2 DMRS/slot often allows for improved use of interference rejection combining in scenarios with inter-cell interference.
· 2 DMRS/slot performs better than 1 DMRS/slot at low and moderate payloads even without frequency offset compensation.
· Using 2 DMRS/slot often allows for improved use of interference rejection combining in scenarios with inter-cell interference.
· The BLER target for HARQ feedback of the new PUCCH format is close to the BLER target of CQI.
· Using separate CRCs for separate types of UCI increases the code rate but does not significantly reduce the probability of decoding error.

Proposals:
· Slot-based frequency hopping is always enabled for the new PUCCH format.
· The new PUCCH format shall use 2 DMRS/slot.
· When transmitting more than one kind of UCI over the new PUCCH format encode them jointly.
· If the number of HARQ bits > 22 or if the number of CQI bits > 11, use one set of CRC bits to protect all UCI.  
· PUSCH resource mapping is applied for the new PUCCH format.
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Appendix: Simulation assumptions
	Table I. Link-level simulation assumptions.
	Parameter
	Setting

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model
	EPA or ETU

	UE speed
	3 km/h

	Antenna setup
	1Tx, 2Rx, uncorrelated

	Channel coding
	Rel. 8 TBCC and rate matching

	DMRS Structure
	1 or 2 DMRS per slot

	Channel estimation 
	Practical, non-ideal

	Number of PRBs for PUCCH
	1 – 2

	PUCCH frequency hopping
	At slot boundary

	CRC length 
	8  bits

	Payload size
	22, 32, 64, and 128 bits

	CP type
	Normal CP

	Signal bandwidth per PRB 
	180 kHz 

	Modulation
	QPSK

	Number of UEs
	1

	Receiver noise 
	AWGN

	Noise estimation
	Ideal

	Performance Metric 
	ACK missed detection probability (1 %), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%
With CRC, in case CRC check fail eNodeB considers all bits as “NACK”
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