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Discussion and Decision
1
Introduction
The following has been agreed as a progress for sPUCCH format up to 2bits so far [1]-[2]:

Agreements:
· For up to 2-bit ACK/NACK and SR (if any), the 2-symbol sPUCCH format is down-selected between
· Option 1: sequence based
· Option 1a: ACK/NACK are indicated by different combinations of cyclic shifts on symbols, with the cyclic shifts on all symbols in each combination are NOT all the same.
· Option 1b: ACK/NACK are indicated by different cyclic shifts, with the same cyclic shift on all symbols.
· Option 2: DMRS based
· Option 2a:  TDM of 1 DMRS symbol and 1 or 2 data symbols
· Option 2b: DMRS sequence and data sequence are transmitted on the same symbol with different cyclic shifts.
Agreement:
· For evaluation until RAN1#89 to conclude on sPUCCH format for up to 2 A/N bits (no design is excluded):

· Transient impact should be evaluated in the front and/or in the middle and/or at the end of the sPUCCH transmission

· Multi-user simulation

· Up to three users

· Same received power

· No common transient model unless RAN4 feedback is received

In this contribution, we discuss on the sPUCCH formats with 2/3 OS supporting up to 2-bit HARQ-ACK and/or SR. 
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sPUCCH Design
For the sPUCCH format supporting up to 2bit HARQ-ACK transmission, it has been agreed to use DM-RS based demodulation for 7OS sPUCCH while it is FFS for 2OS sPUCCH. Due to limited number of symbols, the DM-RS based demodulation is not appropriate to obtain diversity gain as well as provide high reliability. Note that DM-RS based demodulation requires at least one symbol for DM-RS and the other symbol for data transmission, thus frequency hopping across two symbols is not applicable. 
The cyclic shift of DM-RS can be used to indicate HARQ-ACK with blind detection at the receiver side. For example, two cyclic shifts of DM-RS can be reserved and one of the cyclic shift can be selected to indicate ACK or NACK as shown in the table 1.
Table 1. An example of cyclic shift group for HARQ-ACK transmission

	Signaling bit
	Cyclic shift(α) group
	OCC(w)

	00
	0 : ACK

5 : NACK
	[1 1]

	01
	2 : ACK

7 : NACK
	[1 -1]

	10
	4 : ACK

9 : NACK
	[1 1]

	11
	6 : ACK

11 : NACK
	[1 -1]


If the two symbols of an sPUCCH are located in the same frequency, OCC can be used further separate between UEs. Otherwise, a frequency hopping is used without OCC.

The figures 1 shows the performance of the options for 2OS sPUCCH according to the transient time assumed for both transient time between two OS if frequency hopping is used (y) and interference from neighboring sTTIs due to ransient time (t) as modeled in [3]. As seen in the figure, a sequence based sPUCCH (i.e., option 1b) with frequency hopping performs much better than the DM-RS based sPUCCH without frequency hopping as a higher diversity gain could be achieved even with worst case of transient time (e.g., 20us). About 3-4dB gap can be observed at 1% target error rate if the transient time is relatively small (e.g., 0-10us). Even for the worse case scenario (e.g., 20us transient time), the sequence based sPUCCH still provide ~2dB gain over DM-RS based. 
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Figure 1. 2OS sPUCCH performance according to transient time in EPA

If the target error rate becomes lower for a specific service type (e.g., URLLC), the gap gets even more significant. Note that URLLC WI has been approved for LTE and sTTI is considered as a starting point

Proposal-1: a cyclic shift based sPUCCH is supported for 2OS sPUCCH
In the case that a different sTTI length between sPDSCH and its associated sPUCCH is used, a single sPUCCH region should be associated with multiple sPDSCH regions as shown in the Figure 3. For example, sPDSCH sTTI #0, #1, #2, and #3 should be associated with sPUCCH sTTI #0 as sTTI length of an sPUCCH is longer than that of an sPDSCH. Therefore, efficient multiplexing of HARQ-ACK transmissions associated with multiple sPDSCH sTTIs should be supported and considered on sPUCCH design.

Since a UE may receive multiple sPDSCHs which may be associated with the same sPUCCH region, multiple HARQ-ACK transmission from a UE can be also considered for sPUCCH design. Considering uplink coverage issue, multiple sPUCCH resources can be reserved and a UE may determine one of the reserved sPUCCH resources to indicate HARQ-ACK without coverage loss.

Proposal-2: consider a single sPUCCH sTTI can be associated with multiple sPDSCH sTTIs
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Figure 3. Example of an association between multiple sPDSCHs and a single sPUCCH
The legacy PUCCH has been used for HARQ-ACK, SR, and/or CSI feedback. Using sPUCCH for CSI feedback may reduce the feedback delay a little bit while the benefit of the CSI feedback using sPUCCH seems to be unclear since the link adaptation performance may be marginally different with the reduced feedback delay even for closed-loop operation mode due to the channel quantization error. Thus, sPUCCH is used only for HARQ-ACK and SR transmission unless the use of sPUCCH for CSI feedback provides a significant gain.
Proposal-3: an sPUCCH is used only for HARQ-ACK and SR transmission
3
Summary
In this contribution, we discussed on the sPUCCH design. From the discussions, we propose the followings:

Proposal-1: a cyclic shift based sPUCCH is supported for 2OS sPUCCH
Proposal-2: consider a single sPUCCH sTTI can be associated with multiple sPDSCH sTTIs

Proposal-3: an sPUCCH is used only for HARQ-ACK and SR transmission

References

[1] RAN1 #88, Chairman’s note
[2] RAN1 #88bis, Chairman’s note

[3] R1-1704642, sPUCCH format design, ZTE
Annex

Table 2. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	Channel model
	EPA

	Channel estimation
	Realistic

	Resource allocation
	1 PRB

	UE Speed
	3km/h

	Performance metric
	Ack to Nack error

	Transient time mask
	[3]

	sPUCCH structure
	Sequence-based (two cyclic shifts are reserved for a DM-RS symbol and a UE select one of the cyclic shifts based on Ack or Nack)

	HARQ-ACK
	1bit
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