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1 Introduction

This paper is the revision of R1-1804291. In this contribution, we provide our views on UL control channel reliability, mainly including power control for PUCCH reliability improvement.
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. In contrast, in case of three transmission opportunities, the target BLERs could be 10-1, 10-3 and 10-5 for the first, second and third transmission, respectively. 
On the other hand, as captured in the current specification [1], if the PUCCH transmission is in response to a PDCCH decoded with DCI format 1_0, DCI format 1_1 or DCI format 2_2 and having CRC parity bits scrambled by TPC-PUCCH-RNTI, there is a 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 [1], 
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 can take on 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 BLERs 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 
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 [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
[image: image5.wmf]PUCCH,,

fc

d

, e.g., to modify the entries of Table 7.2.1-1 or to 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 for 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 the UE which table to use when adjusting the 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 therefore be further enlarged. To this end, it may be beneficial to directly extend the TPC command from 2 bits to 3 bits, and to update the table as shown in Table 2 above.
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 to support a wider range of power adjustment when the BLER requirements change dynamically.
3 Conclusion
In this contribution, we provide our views on the power control for PUCCH. We have the following observation and proposals:

Proposal 1: Enlarge the range of TPC command to support a wider range of power adjustment when the BLER requirements change dynamically.
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