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1 Introduction

The objective of NR WI [1] is to specify the functionalities for eMBB and URLLC. At RAN #78, the scope for URLLC work in Rel-15 was endorsed in [2]. In this contribution, we provide our views on UL control channel reliability, mainly including power control for PUCCH reliability improvement and the reliability of UCI with different latency requirements on PUCCH.

2 Power Control for PUCCH 
As NR will support various services with different reliability requirements, the target BLER of PUCCH, especially for HARQ-ACK should be able to change dynamically to accommodate the different reliability requirements of PDSCH. Meanwhile, even for the same service, the target BLER should be set flexibly according to the remaining time budget. For example, the target BLER of the HARQ-ACK needs to be small enough, e.g., 10-5, if only one transmission opportunity is available. By contrast, in case of three transmission opportunities, target BLERs maybe 10-1, 10-3 and 10-5 for the first, second and third transmissions, respectively. 
On the other hand, as agreed in the current specification [3], if the PUCCH transmission is in response to a PDCCH decoding with DCI format 1_0 or DCI format 1_1 or DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI, there is 2-bit TPC command field with the corresponding accumulated value 
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 for power control adjustment. As shown in Table 7.2.1-1 in [3], 
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 can take the values of -1 dB, 0 dB, 1 dB and 3 dB. However, the gap of required SINR for different target BLERs is very large, up to ~11 dB for target BLER of 10-1 and 10-5 in fading channel with realistic channel estimation. Therefore, the current closed loop power control mechanism cannot trace the change of BLER requirements dynamically and compensate the change of required transmission power efficiently.
Table 7.1.1-1 in [3]: Mapping of TPC command field to the accumulated 
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	TPC Command Field
	Accumulated 
[image: image4.wmf]c

f,

PUCCH,

d

 [dB]

	0
	-1

	1
	0

	2
	1

	3
	3


There are two methods to solve the above problem. The first method is to increase the range of the accumulated
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, e.g., modify the entries of Table 7.2.1-1 or extend the TPC command with more bits. Alternatively, multiple sets of power control parameters (at least including P0 and alpha) can be configured for different services, and the parameter set can be selected dynamically by the DCI either explicitly or implicitly.
Table 1 Modified mapping of TPC command field to the accumulated 
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	TPC Command Field
	Accumulated 
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 [dB]

	0
	-2

	1
	0

	2
	2

	3
	7


Table 2 Extended TPC command field values and the corresponding accumulated 
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	TPC Command Field 
	Accumulated 
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 [dB]

	0
	-5

	1
	-3

	2
	-1

	3
	0

	4
	1

	5
	3

	6
	5

	7
	7


Table 1 shows an example of the modification of accumulated 
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 corresponding to each TPC command field. For eMBB, either Table 1 REF _Ref502321463 \h  \* MERGEFORMAT 
 or the current table, i.e., Table 7.2.1-1 in 38.213, can be used. For URLLC, Table 1 is more suitable. If two types of traffic use different tables, a DCI signaling should be sent to tell UE which table to use when adjusting power control parameter. The DCI signaling could be a new DCI field or a new DCI format. However, considering the requirement of URLLC reliability may become more stringent, e.g. up to 99.999%, the range of the accumulated 
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 should be further enlarged. To this end, it may be beneficial to directly extend the TPC command from 2 bits to 3 bits, and update the table as shown in Table 2.
In addition, the method of enlarging the range of the accumulated and absolute
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and dynamically selecting the power control parameter set (at least including P0 and alpha) by DCI signaling explicitly or implicitly is also suitable for PUSCH considering different BLER requirements.
Proposal 1: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
3 Reliability of URLLC UCI

Currently, all the ACK-NACK for scheduled PDSCH are multiplexed considering that they have the same reliability requirement. When URLLC services are introduced, the UCI for such services has lower latency and higher reliability requirements than that for eMBB services. The former UCI can be denoted as latency-sensitive and reliability-demanding UCI (LSRD-UCI). If the current multiplexing principles are also applied to LSRD-UCI, then the reliability of LSRD-UCI would be the same as non-LSRD UCI. However, the target BLER of LSRD-UCI may be 10-5 when only one transmission opportunity is available. In case of three transmission opportunities, target BLERs maybe 10-1, 10-3 and 10-5 for the first, second and third transmissions, respectively. Thus, the requirements of LSRD-UCI cannot be guaranteed when the transmission opportunities are not enough. For URLLC traffic, in FDD with 60 kHz SCS, there exist only 2~3 transmission opportunities to meet the latency requirement. For TDD, there may be only 1 transmission opportunity [4]. As a result, the target BLER of URLLC LSRD-UCI will be lower than 10-1 in most cases.
Observation: With current UCI multiplexing principles, the reliability requirements for latency-sensitive and reliability-demanding UCI (LSRD-UCI) cannot be guaranteed.
Therefore, to guarantee the reliability of LSRD-UCI, they can be treated separately from non-LSRD UCI. The premise is that UE is able to identify LSRD-UCI from non-LSRD UCI. As the PDSCH for URLLC services is scheduled by a compact DCI format, the UCI corresponding to PDSCH can be identified by UE as LSRD-UCI.

There can be following options to guarantee the reliability of URLLC UCI:

· Option 1: URLLC and eMBB ACK-NACK bits are multiplexed with eMBB ACK-NACK bits being bundled.
The ACK-NACK bits corresponding to multiple eMBB CBGs or PDSCHs can be bundled into 1 bit, which is multiplexed with ACK-NACK bits for URLLC PDSCH. With this option, the impact to URLLC UCI can be minimized as only 1 bit for eMBB is added. At the same time, the eMBB traffic can still work partially. 

· Option 2: Drop or puncture eMBB A/N to send URLLC A/N.

If eMBB A/N is dropped, gNB has to retransmit all scheduled eMBB data as there is no feedback at all. This is too costly for eMBB traffic and network spectral efficiency. Similar issue occurs for puncturing eMBB PUCCH as well, as the duration of URLLC PUCCH in some cases would be similar or even longer than eMBB PUCCH to ensure URLLC PUCCH reliability, the punctured eMBB PUCCH would hardly be received correctly. In addition, in the case of long PUCCH where OCC is used, puncturing the PUCCH will impact the othogonality of OCCs and bring interference to other UEs. Therefore, dropping or puncturing is not preferred.
· Option 3: Postpone eMBB A/N
eMBB A/N can be postponed and sent after the URLLC PUCCH is sent. With this option, both URLLC and eMBB traffic can work and no downlink resource is wasted. However, this means that network needs to always assign a candidate PUCCH resource for eMBB traffic in case of the sporadic and unpredictable URLLC PUCCH.
Based on the above analysis, option 1 (multiplexing of URLLC/eMBB ACK/NACK bits while eMBB bits are bundled) can provide the best tradeoff between URLLC reliability, eMBB performance and network spectral efficiency. Therefore, we have the following proposal.
Proposal 2: In case the latency-sensitive and reliability-demanding UCI (LSRD-UCI) and non-LSRD UCI are multiplexed, the ACK-NACK for non-LSRD PDSCH is bundled into 1 bit.
4 Conclusion
In this contribution, we provide our views on the power control for PUCCH. We have the following observation and proposals:

Observation: With current UCI multiplexing principles, the reliability requirements for latency-sensitive and reliability-demanding UCI (LSRD-UCI) cannot be guaranteed.
Proposal 1: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Proposal 2: In case the latency-sensitive and reliability-demanding UCI (LSRD-UCI) and non-LSRD UCI are multiplexed, the ACK-NACK for non-LSRD PDSCH is bundled into 1 bit.
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