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1 Introduction
We think that for following part of the WID corresponding to the agenda item.
	A part of the WID [1]
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 


So, we discuss PUCCH reliability for blocking issue.
2 Discussion 
2.1  Regarding scheme 1 for PUCCH, reliability
Following working assumption, conclusion and agreement were relevant to PUCCH repetition and beam utilization in scheme1.
103-e meeting
	Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 

· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 

· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 

· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.


104-e meeting
	Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.


104-e meeting
	Agreement
For M-TRP PUCCH scheme 1, 

· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  

· FFS: maximum repetition number can be extended to 16.

· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  

· FFS: other values.

· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 




As for 104-e conclusion, in Rel17 coverage enhancement AI, there is no beam related discussion. We need to discuss relationship between repetition indication and beam indication. Under multi-TRP operation, a beam from one multi TRP may provide better channel quality than another multi TRP. In short, better beam may not require a lot of repetitions. The worse beam may require more repetitions than the better beam. So, there is relationship between number of repetitions and beam quality.
As for 103-e working assumption, two schemes such as cyclical mapping and sequential mapping were identified. The cyclical mapping can offer same number of repetitions for both beams. The sequential mapping can provide different number of repetitions for each beam. As mentioned above, different beam would provide different channel quality which requires different number of repetitions.

Proposal 1: Support sequential mapping for PUCCH multi-TRP enhancements in Scheme 1.
In order to reduce UE side implementation efforts, beam and repetition patterns are restricted. Following table 1 is an example.
Table 1 example of restricted beam and repetition patterns for PUCCH formats 1/3/4
	Patterns
	Repletion in Beam 1
	Repetition in Beam 2

	1
	2
	2

	2
	4
	4

	3
	8
	8

	4
	2(4)
	4(2)

	5
	2(8)
	8(2)

	6
	4(8)
	8(4)

	
	
	


Proposal 2: Support restricted beam and repetition patterns for PUCCH multi-TRP enhancements in Scheme 1.
2.2  Default beam and repetition pattern
In 104-e meeting, following conclusion was made, which is relevant to error handling.
104-e meeting
	Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  

· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols

· Whether frequency hopping is performed among the repetitions with the same beam

· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource




As for the first sub bullet, when a part of UL symbols is invalid, UE may transmit PUCCH using remaining valid UL symbols. The original purpose of repetition is reliability. So, when a part of UL symbol is invalid, UE shall identify which repetition of PUCCH is relevant to the invalid UL symbols, after that, UE shall drop the relevant PUCCH repetition. The other PUCCH repletion located with valid UL symbols should be transmitted.

Proposal 3: Support UE behavior to drop the PUCCH repetition(s) configured on invalid UL symbols and transmits the remaining PUCCH repetition(s) configured on valid UL symbols.

As for the third sub bullet, both default repletion number and default beam should be configured. The channel environment changes dynamically, beam refreshment and repetition number refreshment need to be performed by DCI dynamically. In case of luck of such indication, default value is needed.
Proposal 4: Support default value of repetition and default value of beam for PUCCH/PUSCH.

3
Conclusions
In this contribution, the following proposals are made:
Proposal 1: Support sequential mapping for PUCCH multi-TRP enhancements in Scheme 1.
Proposal 2: Support restricted beam and repetition patterns for PUCCH multi-TRP enhancements in Scheme 1.
Proposal 3: Support UE behavior to drop the PUCCH repetition(s) configured on invalid UL symbols and transmits the remaining PUCCH repetition(s) configured on valid UL symbols.

Proposal 4: Support default value of repetition and default value of beam for PUCCH/PUSCH.
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