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Discussion and decision
1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE [1] was approved in RAN#76 that describes why LTE technology evolution serves use cases of URLLC with satisfying URLLC requirements which was defined ITU IMT-2020 and how to carry out this features with proposed plans (phase 1 and phase 2). In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [2]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

In this contribution, potential techniques for UL control channel are discussed to meet above reliability and latency requirements. 
2 
Discussions 
2.1 Latency related technologies 

Short TTI
A direct and efficient technology to reduce latency at physical layer is to use short TTI length which is being specified in sTTI&PT WID. The short TTI length is required not only for data channel but also for control channel since latency includes ACK/NACK feedback time. Currently, sPUCCH specified in sTTI&PT WID supports two types of TTI length, i.e., slot TTI (7OS) and sub-slot TTI (2/3OS). For the requirement of 99.999% reliability within 1ms latency, 2/3OS sPUCCH is necessary. Of course, 1 symbol PUCCH can further reduce latency, however, introducing a new TTI length will bring additional specification effort. Considering current 2/3OS sTTI may be able to meet  URLLC requirement, 1 symbol TTI length needn’t be introduced.
Proposal 1: Use the sPUCCH formats specified in sTTI&PT WID for URLLC traffic, and needn’t introduce new TTI length (e.g. 1 symbol PUCCH).

2.2 Reliability related technologies 

Time domain repetition

To meet 99.999% PDSCH reliability, current A/N reliability should be improved. In legacy LTE system, A/N repetition is specified to improve PUCCH coverage wherein maximum transmission power is reached. For URLLC, the A/N repetition can be used to improve PUCCH reliability. Considering inter-cell interference and AGC issue caused by an ultra-high receiving power level in certain PRB, time domain power accumulation may be more preferred than one-shot ultra-high transmission power. Furthermore, if one-shot maximum transmission power cannot meet the reliability requirement of URLLC traffic, time domain repetition is necessary. 

Due to latency restriction, repetition number should only apply a small value, and the maximum possible repetition number may depend on TTI length. Different from legacy A/N repetition, repetition should be used for special PUCCH for URLLC traffic other than all PUCCHs. In addition, A/N dropping issue discussed in [3] should be resolved since the collision between repeated A/N and next A/N in time line may be a large probability for URLLC scenario. Thus, A/N bundling and/or multiplexing may be supported for A/N repetition case. Similarly, corresponding repetition mechanism for sPUCCH should be specified. 
Proposal 2: A small number of repetition should be supported for sPUCCH/PUCCH, and details are FFS.
Frequency hopping

Frequency hopping is a traditional technology to improve reliability with frequency diversity. Especially for a narrow band transmission, e.g. 1 PRB PUCCH, frequency diversity gain is critical. Frequency hopping has been supported by all legacy PUCCH formats. For sPUCCH specified in sTTI&PT WID, intra-sTTI frequency hopping should be supported to improve reliability. However, some sPUCCH formats cannot support intra-sTTI frequency hopping since OCC is performed in time domain e.g. sub-slot(2/3OS) sPUCCH format 4 and slot(7OS) sPUCCH format 3. For these formats, inter-sTTI freqency hopping should be considered when time domain repetition is configured.
Proposal 3: Intra-sTTI and/or inter-sTTI frequency hopping should be supported for sPUCCH to improve reliability.
Power control

Increasing transmission power is a direct scheme to improve SINR level to meet reliability requirement if no significant issue is caused by a relatively high power level in some PRBs. Since multiple kinds of URLLC traffics with multiple reliability and latency requirements are supported in URLLC for LTE, transmission power of PUCCH may be different depending on different requirement of the traffic on the corresponding PDSCH. Thus, different power control parameters for PUCCH with different requirements should be used, e.g. open loop power control parameters including P0 and alpha. In addition, closed power control indications should also be separately used for PUCCH with different reliability requirement.
Proposal 4: Power control parameters should be separately configured for traffic with different reliabitliy requirements.
3 Conclusions
In this contribution, possible URLLC techniques for UL control channel were discussed. Based on discussion, following proposals are summarized as below.

Proposal 1: Use the sPUCCH formats specified in sTTI&PT WID for URLLC traffic, and needn’t introduce new TTI length (e.g. 1 symbol PUCCH).

Proposal 2: A small number of repetition should be supported for sPUCCH/PUCCH, and details are FFS.

Proposal 3: Intra-sTTI and/or inter-sTTI frequency hopping should be supported for sPUCCH to improve reliability.
Proposal 4: Power control parameters should be separately configured for traffic with different reliability requirements.
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