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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 Meeting #94bis, most of essential issues for physical uplink control channel in NR Rel-15 are clarified and respective corrections are adopted to the specification [1].  However, due to the limited offline time, not all the key issues are addressed. In this contribution, the remaining critical issues are summarized and corresponding solutions are also proposed. 
[bookmark: _Ref129681832]PUCCH structure in long duration
Issue #1: The overlapping between single slot PUCCH and multi-slot PUCCH
Following agreement is reached in RAN1 #94bis meeting, the basic rule to resolve the collision between single slot PUCCH and multi-slot PUCCH is selecting the one with the highest UCI priority.Agreements:
If two or more PUCCH resources overlap with each other in a slot within the same PUCCH group, and at least one of them is multi-slot PUCCH(s)  
· The UE is not expected to have the multi-slot PUCCH and single-slot PUCCH overlapping with the same starting slot and carrying UCI with the same priority
· For UCI with the same priority, the PUCCH that starts in an earlier slot is transmitted.
· For UCI with different priority, the PUCCH with highest UCI priority is transmitted in overlapping slot if timeline requirement is met. 
· Priority is defined as follows: HARQ-ACK > SR > CSI with higher priority >CSI with lower priority
· In overlapping slot, the de-prioritized UCI is dropped without any postponing of the transmission
· There is no impact on the transmission of the de-prioritized UCI in the remaining non-overlapping slots
·  UE is not expected to have a group of overlapping single-slot PUCCH(s) that do not overlap with multi-slot PUCCH to be multiplexed into a single-slot PUCCH resource that overlap with multi-slot PUCCH.


At the last bullet of the agreement, a special case that a new determined single PUCCH comes from the multiplexing of a group of overlapping single slot PUCCHs collides with a multi-slot PUCCH is precluded. Additionally, a similar case shown as Figure 1 should be also excluded. 
[image: ]
[bookmark: _Ref528589684]Figure 1. A new PUCCH overlaps with a single slot PUCCH colliding with a multi-slot PUCCH
Illustrating in the figure, the new determined single-slot PUCCH does not overlap with the multi-slot PUCCH directly, but overlaps with a common single-slot PUCCH colliding with a multi-slot PUCCH as well. The address for the overlapping channels included multi-slot PUCCH resource should follow corresponding description in subclause 9.2.6 of [1]. In order to have a uniform design and avoid unnecessary iteration, this case should be also regarded as an error case.
Proposal 1: UE is not expected to have a group of overlapping single-slot PUCCH(s) that do not overlap with a multi-slot PUCCH to be multiplexed into a single-slot PUCCH resource that overlap with another single-slot PUCCH colliding with the multi-slot PUCCH.
To take the above scenario and proposal 1 into account, following text proposal is proposed:
[bookmark: _GoBack]Text Proposal 1: An additional case for the PUCCH in Set Q should be added according to the accompanied Draft_CR_1.
UCI multiplexing
Issue #2: Unbalanced REs allocation for UCI on PUSCH with two hops
This issue is raised several meetings before and also included in the feature lead’s summary [3] of RAN1 #94bis Meeting. Specifically, in subclause 6.2.7 of [2], the multiplexing of UL-SCH and UCI on PUSCH is described by pseudo code. The situation of UCI with/without UL-SCH, and combinations of HARQ-ACK/CSI-part1/CSI-part2 are all covered by this piece of universal pseudo code. However, there exists a tricky issue as described below. 
For the case where CSI-part1, CSI-part2 and 0, 1 or 2 HARQ-ACK information bits are transmitted on UCI-only PUSCH with hopping, when the following 3 conditions are satisfied:
1) Hop1 and hop2 have equal number of data REs, i.e. [image: ];
2) [image: ] is not an integer multiple of [image: ], which makes [image: ];
3) [image: ], i.e. the non-reserved REs are fully occupied by CSI-part1;
it can be derived that there are at least two bad consequences: (1) CSI-part1 will be punctured (cannot be transmitted completely) for the reason that [image: ], i.e. the non-reserved REs in hop2 is not enough for conveying CSI-part1 of hop2; and (2) some reserved REs of hop2 have no data to transmit, as illustrated by Figure 2 which means the uplink single-carrier characteristic may be destroyed if DFT-s-OFDM is used for PUSCH transmission.
Several numerical examples of error case are listed in Table 1. From the green highlighted numbers, it can be seen that in hop2, the number of coded bits transmitted by non-reserved REs is smaller than [image: ] -- the number of CSI-part1 coded bits in hop2. Thus CSI-part1 cannot be transmitted completely, since there are not enough non-reserved REs for CSI-part1, and CSI-part1 cannot be mapped to the reserved REs for HARQ-ACK. From the cyan highlighted numbers in Table 1, it can be inferred that there are not enough CSI-part2 coded bits to be mapped to hop2 reserved REs for transmission, and some of the reserved REs may be empty.


[image: D:\Working\~3GPP\提案撰写\201810 RAN1#94b\PUCCH\pic-RE-modified.png]
[bookmark: _Ref525840193][bookmark: _Ref525840117]Figure 2. “Empty” reserved RE(s) in hop2
It is worth noting that it is easy to find many other error cases beyond Table 1.
[bookmark: _Ref528231313]Table 1. Error case examples of UCI-only PUSCH with hopping
	Parameters
	Error case values

	
	Case1
	Case2
	Case3

	Layer number: [image: ]
	1
	1
	1

	Modulation order: [image: ]
	4
	6
	4

	[image: ]
	132
	162
	116

	[image: ]
	348
	414
	172

	[image: ]
	132
	162
	116

	hop1
	[image: ]
	60
	48
	36

	
	[image: ]
	64
	78
	56

	
	[image: ]
	172
	204
	84

	
	[image: ]
	68
	84
	60

	hop2
	[image: ]
	60
	48
	36

	
	[image: ]
	68
	84
	60

	
	Number of coded bits transmitted by non-reserved REs:
[image: ]
	172
	204
	84

	
	[image: ]
	176
	210
	88

	
	[image: ]
	64
	78
	56


One simple solution for this issue is just exchanging the rounding down and rounding up operations in the reserved coded bit number calculation for HARQ-ACK in each hop (yellow highlighted in Table 1), and make reserved REs and CSI-part1 harmoniously “complementary”. 
Proposal 2: Exchange the rounding down and rounding up operation to calculate the number of coded bits in each hop for both HARQ-ACK and reserved RE for HARQ-ACK. 
Issue #3: HARQ-ACK multiplexing on PUSCH 
When the HARQ-ACK information is piggybacked on a PUSCH colliding with the PUCCH carrying itself, the A/N is mapped next to the last symbol of consecutive DMRS in each hop if frequency hopping is enabled. Unfortunately, for some cases that there are only limited number of symbols for PUSCH and use mapping type A, no additional symbols after DMRS for HARQ-ACK bits. Therefore, most of these cases are clarified as error case in RAN1 #94bis meeting except the one, as an example shown in Figure 3.
	Conclusion:
· It is clarified at least the following cases are error cases for Rel-15. How to handle the error cases is up to UE implementation.
· PUCCH overlaps with 1-symbol PUSCH 
· PUCCH overlaps with 2-symbol or 3-symbol PUSCH with frequency hopping enabled 
· HARQ-ACK on PUCCH overlaps with 4-symbol PUSCH with DMRS on the last symbol without frequency hopping enabled for PUSCH
· FFS the case of frequency hopping enabled – to conclude in RAN1#95
· No spec update is necessary for the above


In Figure 3, 8 symbols are scheduled for PUSCH and mapping type A is indicated for the transmission. On the other hand, DMRS are located at symbol 3 and 4, frequency hopping is enabled by higher layer parameter and then last symbol in the first hop is used by DMRS. One simple solution is regarding it as another error case, but this may degrade the system performance and introduce extra HARQ-ACK feedback latency. 
Another possible solution is to make the gNB not enable FH when the PUSCH configured with mapping type A and contains 8 or 9 symbols. But this may be not reasonable either, because the piggyback only happens at PUCCH for HARQ-ACK overlapping with PUSCH, this may not happen too often and it is not necessary to set a widely scheduling restriction  to avoid this infrequently case.
A feasible way could be only mapping the HARQ-ACK bits at the second hop if this scenario happened. This will keep all the HARQ-ACK information bits and not bring too much Spec. impact. Literally an upper bound is set to calculate the number of coded bits for HARQ-ACK in the first hop, i.e. 

, 
which is already in current 38.212-v15.3.0, thus no spec modification is needed.


[image: D:\Working\~3GPP\提案撰写\201810 RAN1#94b\PUCCH\4+4 sym.png]
[bookmark: _Ref525840297][bookmark: _Ref528262029]Figure 3. One case of PUSCH with hopping that hop1 can’t convey HARQ-ACK

However, for the calculation of coded bits number for reserved RE for HARQ-ACK, the  upper bound should also be set in the first hop to solve the above issue. (current 38.212-v15.3.0 doesn’t have this upper bound.)

Proposal 3:  For the calculation of coded bits number for reserved RE for HARQ-ACK, the  upper bound should also be set in the first hop.
In order to adopt Proposal 2 and Proposal 3 following text proposal is proposed.
Text Proposal 2: Calculation of REs for HARQ-ACK should be modified according to the accompanied Draft_CR_2.
Issue #4: Description of reserved RE for HARQ-ACK related


For UCI multiplexed on PUSCH, some symbols for reserved RE for HARQ-ACK (i.e. , ) are defined within “Step 1” of subclause 6.2.7 of [2]. However, in current version, the definition of these symbols are described under an “if” condition, which is not appropriate since these symbols also apply for the “else” condition. Thus the following TP is proposed by moving these descriptions to the front of “if”.
Text Proposal 3: To arrange the pseudo code more clearly, adopt the changes in the accompanied Draft_CR_3.
Issue #5: Rate matching for UCI on PUSCH
In subclause 6.3.2.4.2 of [2], the rate matching rules for HARQ-ACK, CSI-part1 and CSI-part2 with small block lengths are described by referring to the previous subclause 6.3.2.4.1. However, there are only descriptions for UCI with UL-SCH presented here, and the UCI-only scenario is missing. Thus the following TP is proposed.
Text Proposal 4: To clarify the calculation of REs for HARQ-ACK, CSI part 1 and part 2, adopt the changes in the accompanied Draft_CR_4.
Conclusions
Based on above discussions, the following proposals and text proposals are given: 
Proposal 1: UE is not expected to have a group of overlapping single-slot PUCCH(s) that do not overlap with a multi-slot PUCCH to be multiplexed into a single-slot PUCCH resource that overlap with another single-slot PUCCH colliding with the multi-slot PUCCH.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: Exchange the rounding down and rounding up operation to calculate the number of coded bits in each hop for both HARQ-ACK and reserved RE for HARQ-ACK. 

Proposal 3:  For the calculation of coded bits number for reserved RE for HARQ-ACK, the  upper bound should also be set in the first hop.
Text Proposal 1: An additional case for the PUCCH in Set Q should be added according to the accompanied Draft_CR_1.
Text Proposal 2: Calculation of REs for HARQ-ACK should be modified according to the accompanied Draft_CR_2.
Text Proposal 3: To arrange the pseudo code more clearly, adopt the changes in the accompanied Draft_CR_3.
Text Proposal 4: To clarify the calculation of REs for HARQ-ACK, CSI part 1 and part 2, adopt the changes in the accompanied Draft_CR_4.
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Appendix A. The derivation of the error from subsection 3.1
Firstly, the split of number of CSI-part1&part2 coded bit for each hop is extracted from current TS38.212-f20 and listed below:
                      (1)
                             (2)
                               (3)
                              (4)
The three conditions listed in subclause 3.4.2 is 
1) Hop1 and hop2 have equal number of data REs, 
                       (5)
2)  is not an integer multiple of , from Equation (1) it is inferred
                       (6)
3)                            (7)
From Equation (3)(4)(5)(6), it is inferred
                      (8)
By adding Equation (3) and (4), it can get
                     (9)
With Equation (7) and (9), 
                     (10)
With Equation (8) and (10), we know
                          (11)
The number of coded bit transmitted by reserved REs is (also extracted from current TS38.212-f20):
                           (12)
                          (13)
Equation (12) and (13) derive that
                         (14)
Then Equation (11) and (14) mean
                          (15)
i.e. , thus , which means in hop2, CSI-part1 cannot be transmitted completely.
In addition, Equation (15) indicates some reserved REs of hop2 have no data to transmit.
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