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1 Introduction
Regarding UE capability and PUCCH transmission for sTTI, the following agreements have been achieved:
Agreement:
· Define separate UE capability per sTTI length combination {DL,UL}: 

· {2,2},{2,7},{7,7},{7,7}+{2,7},{2,2}+{2,7},{7,7}+{2,2}

· NOTE: The last two combinations only apply if different UL sTTI lengths in different PUCCH groups are supported.

· For each combination above, define separate UE capability on the maximum number of DL CCs and UL CCs for sTTI operation

Agreement:
When a UE is to transmit UCI in a 2/3-symbol sPUCCH, sPUCCH format selection between sequence-based sPUCCH and PF4-based sPUCCH is based on the following rules.

- For SR (if any) and up to 2 bits HARQ-ACK, the UE shall use sequence-based sPUCCH.

- For SR (if any) and more than 2 bits HARQ-ACK, the UE shall use PF4-based sPUCCH.
Agreement:
The channel coding scheme for sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any) is defined as:

- Up to 11 bits: Single RM coding

- 12-22: Dual RM

- More than 22 bits: TBCC+8bit-CRC
In this contribution, we discussed the coverage of sTTI control channels and proposed to correct the coverage restriction for {2, 2} combination.
2 sTTI coverage
For a UE configured with {2,2} sTTI length, the required SNRs for downlink and uplink control channels are shown in Table 1 and the simulation assumptions are listed in appendix A.1.
Table 1. Required SNR 
	Channel
	Required SNR

	Subslot sPDCCH with AL=4
(to achieve 1% BLER)
	-2.8dB

	Subslot sPDCCH with AL=8

(to achieve 1% BLER)
	-5.8dB

	subslot sPUCCH carrying 1 bit (by format 1a)
(to achieve 1% ACK miss)
	1.1 dB

	subslot sPUCCH carrying 2 bit (by format 1b)
(to achieve 1% ACK miss)
	2.5 dB


Comparing with the SINR distribution of the physical channels in Appendix A.2, which are evaluated based on simulation assumptions in Appendix A.1, the coverage of the downlink and uplink control channels can be summarized in Table 2.
Table 2. Channel coverage 
	Channel
	Ratio of UE in coverage

	Subslot sPDCCH with AL=4
(to achieve 1% BLER)
	95%

	Subslot sPDCCH with AL=8

(to achieve 1% BLER)
	>98%

	subslot sPUCCH carrying 1 bit (by format 1a)
(to achieve 1% ACK miss)
	72%

	subslot sPUCCH carrying 2 bit (by format 1b)
(to achieve 1% ACK miss)
	56%


It can be shown that while subslot sPDCCH with aggregation level 8 can cover more than 98% of the UEs, subslot sPUCCH carrying 1 bit can cover only 72% UE, which is a significant restriction on coverage.
Observation 1: The subslot sPUCCH carrying 1 bit HARQ-ACK can cover 72% UE, while subslot sPDCCH with AL=8 can cover more than 98% UE.
To correct the coverage restriction, there can be two options:
· Configure the UE to transmit slot-SPUCCH.
· Increase the subslot sPUCCH coverage by repetition.
Although slot-SPUCCH can be supported in spec now, there are some key drawbacks:

From latency point of view, slot-SPUCCH results in larger latency for both downlink and uplink, as if SPUCCH is configured as slot then sPUSCH has to be configured slot also. In addition, compared with 3-time sPUCCH repetition, slot-SPUCCH has larger latency as the HARQ-ACK needs to wait for next slot, thus the waiting time of HARQ-ACK is larger than sPUCCH repetition. There is also larger waiting time for sPUSCH in the same reason.
From scheduling flexibility point of view, with sPUCCH repetition, the repetition number can be configured according to the UE’s channel. As subslot-SPUCCH with 2 repetitions can cover most of UEs, the latency and SPUCCH overhead can be reduced compared with slot-SPUCCH.

From configuration point of view, configuring one carrier to slot-SPUCCH means all carriers in one PUCCH group have to be configured to slot duration for uplink transmission also. With SPUCCH repetition, the carriers of both Pcell and Scell can still use subslot-sPUSCH for less latency.
From UE capability point of view, {2, 2}-capable UEs may not be able to support {2, 7}.
Therefore, based on the above analysis, we proposed that:

Proposal 1: Subslot-PUCCH repetition should be supported to correct the coverage restriction of {2, 2} combination.
3 sPUCCH repetition
3.1 Text proposal
In legacy LTE, HARQ-ACK repetition is configured by a UE specific RRC signaling. Following the same principle, as shown in Figure 1, a UE configured with NANRep times subslot-SPUCCH repetition will transmit its SPUCCH in subslot #n ~ #(n+ NANRep -1) if  it receives an SPDSCH in subslot #n-Xp , where Xp is timing between sPDSCH and HARQ-ACK feedback.
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Figure 1. Illustration of subslot-PUCCH repetition
Following the same principle, subslot-SPUCCH repetition can re-use the legacy LTE PUCCH repetition principles. Therefore, we have following text proposal:
Proposal 2: Endorse the following text proposal to 36.213:
------------------------------------------------------Text proposal to 36.213--------------------------------------------

10.1.4
HARQ-ACK Repetition procedure

For a non-BL/CE UE, HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher layers for subframe PUCCH, or by a UE specific parameter ackNackRepetitionSTTI configured by higher layers for subslot PUCCH. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor [image: image2.wmf]ANRep
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 is provided by higher layers and includes the initial HARQ-ACK transmission, until HARQ-ACK repetition is disabled by higher layers. For a PDSCH transmission without a corresponding PDCCH/EPDCCH/SPDCCH detected, the UE shall transmit the corresponding HARQ-ACK response [image: image4.wmf]ANRep
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 configured by higher layers if HARQ-ACK response is transmitted on subframe-based PUCCH, and using PUCCH resource derived in Subclause 10.1.2.1 if HARQ-ACK response is transmitted on subslot-based PUCCH. For a PDSCH transmission with a corresponding PDCCH/EPDCCH/SPDCCH detected, or for a PDCCH/EPDCCH/SPDCCH indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-ACK response once using PUCCH resource derived from the corresponding PDCCH CCE index or EPDCCH ECCE index (as described in Subclauses 10.1.2 and 10.1.3) if HARQ-ACK response is transmitted on subframe-based PUCCH, and using PUCCH resource derived in Subclause 10.1.2.1 if HARQ-ACK response is transmitted on subslot-based PUCCH, and repeat the transmission of the corresponding HARQ-ACK response [image: image6.wmf]1
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is configured by higher layers.
HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD, HARQ-ACK repetition is only applicable for HARQ-ACK bundling. 

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value [image: image9.wmf])
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------------------------------------------------------End of text proposal to 36.213------------------------------------
3.2 Further enhancement

However, for a certain UE configured with subslot-SPUCCH repetition, if multiple SPDSCH is scheduled in consecutive subslots as illustrated in Figure 2, the initial HARQ-ACK transmission corresponding to a later SPDSCH will collide with a repeated HARQ-ACK transmission corresponding to a previous one.
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Figure 2. Collision of subslot-PUCCH corresponding consevutive SPDSCH
In current FDD LTE, this collision issue is solved by a HARQ-ACK response restriction, i.e., a UE drops the HARQ-ACK corresponding to the following PDSCH if it is collided with a repeated transmission of previous HARQ-ACK. For example, in Figure 2, the HARQ-ACK of SPDSCH in subslot #n-Xp+1 (red one) and #n-Xp+2 (yellow one) will be dropped since the initial transmission of those HARQ-ACK (i.e., in subslot #n+1 and #n+2), are occupied by a repeated transmission of previous HARQ-ACK (green one).

However, this imposes a scheduling restriction and the latency of following SPDSCH is increased, as SPDSCH cannot be transmitted if another PDSCH is transmitted in previous NANRep -1 subslots. Then, this principle leads to a queuing delay. Therefore, to allow consecutive SPDSCH scheduling, multiplexing of HARQ-ACK information of initial and repeated transmissions in one subslot-PUCCH can be considered as shown in Figure 2. 
Proposal 3: For subslot-SPUCCH repetition, the repeated HARQ-ACK and initial transmission of HARQ-ACK can be multiplexed on one subslot-SPUCCH. 
4 Conclusion

In this contribution, we discussed the coverage of sTTI and have following observation and proposals:

Observation 1: The subslot sPUCCH carrying 1 bit HARQ-ACK can cover 72% UE, while subslot sPDCCH with AL=8 can cover more than 98% UE.
Proposal 1: Subslot-PUCCH repetition should be supported to correct the coverage restriction of {2, 2} combination.
Proposal 2: Endorse the text proposal to 36.213 in section 3.1.

Proposal 3: For subslot-SPUCCH repetition, the repeated HARQ-ACK and initial transmission of HARQ-ACK can be multiplexed on one subslot-SPUCCH.

Appendix A: simulation assumptions
A.1 Simulation Assumption
Table 3. Link-level simulation assumptions for sPUCCH

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	TTI length
	2 symbols

	Channel model
	EPA 3km/h, ETU 60km/h

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

	CP length
	Normal

	Transmission mode
	TM1

	Number of 
Multiplexing UE
	1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	HARQ retransmission
	Disabled

	Performance metrics
	BLER


Table 4. System-level simulation assumptions
	Parameters
	Configuration

	Carrier frequency for evaluation
	700 MHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	min UE power
	-40 dBm (see 3GPP TS 36.101)

	Percentage of high loss and low loss building type 
	100% low loss  (applies to Channel model B)

	Inter-site distance
	500 m

	Number of antenna elements per TRxP
	8 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	2 TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	2 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°, 90° polarization

	Number of TXRU per UE
	2TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, 
randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS antenna element gain
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer

	Simulation bandwidth
	20 MHz

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Channel model variant
	Channel model B

	TRxP number per site
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	98° in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 

	
	

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 

	Traffic model     
	Full buffer (Note: it is for SINR CDF distribution derivation)

	UL PUSCH power control parameters
	α=1.0, P0,PUSCH=-106 
(suggested value for UL SINR CDF distribution derivation and calibration)
Other values are not precluded. If other values are used, it shall be reported.

	UL PUCCH power control parameters
	P0,subframe-PUCCH=-116
P0,slot-SPUCCH=-113
P0,subslot-SPUCCH=-108
(suggested value for UL SINR CDF distribution derivation and calibration)

	Bandwidth allocation
	* PUSCH: For system level simulations, the system bandwidth on the UL is equally split between the number of UEs simulated. Each UE in each TTI/sTTI will be allocated 10 RBs (assuming 10 UE per sector and 100 RB system bandwidth) in a round-robin fashion.
   • Note: This does not impact the RB allocations assumed for the link level simulations
   • Working Assumption taken at RAN1#91
* PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)


A.2 SINR distribution of different physical channels
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Figure 3 SINR distribution for subslot sPDCCH
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Figure 4 SINR distribution for subslot-sPUCCH
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