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1. Introduction
Between RAN1#49bis and RAN1#50, an e-mail discussion on uplink control signaling took place. The topics discussed included
· Sequence selection for PUCCH

· Hopping sequences for PUCCH

· Orthogonal (covering) sequences for ACK/NAK information part

· Orthogonal (covering) sequences for reference signals in PUCCH format 0 and 1

· Pairing of RS and information cover sequecens for PUCCH format 0 and 1

· Details on PUCCH for frame structure type 2

Below, a summary of the discussions is provided and the proposed way forward based on the discussions that have taken place. 

2. Sequence selection for PUCCH

It has been agreed to select length-12 CAZAC sequences for PUCCH but the exact sequences remains to be selected. A natural candidate is to use the same construction method as used for the length-12 RS sequences intended for one RB. However, the sequence allocated to each cell for the PUCCH and the 1-RB PUSCH can be different as all cyclic shifts are used for the former.
Proposal: Reuse the sequence generation method agreed for 1 RB RS for PUCCH CAZAC sequences generation.

3. Hopping sequences for PUCCH
The cyclic shift of a single CAZAC sequence may vary (in a predefined manner) from symbol to symbol. If this is to be supported, the corresponding hopping sequences need to be specified. Preferable, the design of these hopping sequences should be done jointly with the RS hopping sequences.

No proposals for hopping sequences were brought forward.

The different operating characteristics of PUCCH (low BLER targeted, no HARQ) and PUSCH (HARQ supported) were brought forward by one company and pointed out the importance to limit the hopping to different cyclic shifts of the same base sequence not to deteriorate the performance for cell-edge UEs.

One company suggested having the same pattern in the two slots of a subframe and that the cyclically-shifted CAZAC sequence in the second slot are defined as the conjugates of the corresponding sequence in the first slot to lower the UE complexity.

Proposal: Further discussions necessary.

4. Orthogonal “cover” sequences for ACK/NAK

Given the decisions in Orlando, the length of the cover sequence is 4 (for one slot), regardless of the cyclic prefix. It was proposed to use length-4 Hadamard sequences for the information part. One company expressed the need to verify the performance of length-4 sequences in high-speed sceanrios with near-far or low frequency selectivity and, if the performance requirements are not met in those situations, support length-2 sequences in addition
It was also mentioned that multiplexing sounding reference signals and PUCCH may impact the length of the cover sequence, depending on the outcome of the PUCCH/SRS multiplexing discussion.

Proposal: Use length-4 Hadamard sequences for the information part. Verify high-speed performance and, if necessary, add support for length-2 Hadamard sequences.
5. Orthogonal “cover” sequences for RS in PUCCH format 0, 1

Given the decisions in Orlando, the length of the sequence is 3 for normal CP and 2 for extended CP. It was proposed to use length-3 and length-2 DFT sequences (exp(-j*2*pi*{0,1,2}/3 etc). One company preferred ZC sequences instead of DFT.
Proposal: Use length-3 (for normal CP) and length-2 (for extended CP) DFT sequences for RS covering in PUCCH format 0 and 1. Verify high-speed performance as above.
6. Pairing of RS and information “cover” sequences

Agree on the pairs of info and RS "spreading sequences" to support, e.g, by defining 18 PUCCH "channelization indices" where each such index corresponds to a certain sequence for RS and information, respectively. What should this table look like?

One proposal was made where, for each CAZAC sequence, the pairing (for normal CP and frame structure type 1) are obtained as the three first columns of the output from the Matlab commands ‘fft(eye(3))’ and ‘hadamard(4)’.

The e-mail moderator asked whether the table in Tdoc 3618 would be agreeable, but there were no comments made on this proposal except for comments from the companies sourcing Tdoc 3618.

Proposal: Further discussions necessary.

7. Details on PUCCH for frame structure type 2
For frame structure type 2, the same open issues as above applies but the numerology is slightly different. Some of the numerology-related decision taken in Orlando had frame structure type 1 in mind and we need to provide the corresponding numbers for frame structure type 2.

· For FS1 PUCCH format 0 and 1, we have 4 info + 3 ref = 7 symbols (normal CP) in a slot. For FS2, we have 9 symbols in total.
· For FS1 PUCCH format 2, we have 5 info + 2 ref (normal CP), 5 info + 1 ref (extended CP) in a slot.

Note that in FS1, a subframe consists of two slots and frequency hopping is used at the slot boundary within a subframe. For FS2, a subframe currently consists of a single slot only.

Limited discussion took place on the number of symbols to use for RS and information in FS2 PUCCH format 0 and 1 with no conclusions made. The issue of frequency hopping for FS2 was also brought up, were two possibilities were suggested.

a) Always adopt long CP for PUCCH. Thus 8 symbols are available, which can be divided into two groups with 4 symbols each.  The 4 symbols can be used as 2 info+2 ref, supporting 2×6＝12 UEs (with 6 CAZAC shifts used), or  3 info+1 ref.

b) 4/5 hopping for short CP, and 4/4 hopping for long CP. The 4/5 hopping will not preserve the symmetry of hopping sequences. Two possibilites exist: 2 info+2 ref (or 3 info+2 ref for 5 symbol case) for ACK/NAK, supporting  2×6＝12 UEs; or 3 info+1 ref (4 info+1 ref for 5 symbol case).
It was commented than alternative a) above can result in a mix of CP lengths in the same cell, which is less attractive from an implementation perspective as a single FFT cannot be used for all UEs. Hence, alternative b) is preferable.

Proposal: Adopt frequency hopping for PUCCH format 0 and 1 in FS2. Use the same CP for PUCCH as for PUSCH.

