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1 Introduction
 In this contribution, we discuss some of remaining issues for long PUCCH. We present our view about PUCCH repetition with PUSCH bundling, and PUCCH repetition in a slot.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Multiplexing PUCCH and PUSCH with repetition
In the last meeting, the UCI repetition and PUSCH bundling are discussed and agreed for single slot case (also captured in TS 38.213).
	Agreements: (RAN1-92)
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.



In LTE, the PUCCH format 1x can be repeated (i.e., ackNackRepetition), and other UL transmissions are not allowed during PUCCH repetition. HARQ-ACK is allowed, but CSI is not allowed to repeat, which may be reported using the triggered reporting. The UL edge throughput is not optimized because PUSCH is not transmitted, and the DL edge throughput is not optimized because PUCCH is not transmitted and in turn PDSCH is not assigned. In NR, the edge throughput is importance to satisfy 5G requirement. Thus, it is desirable to allocate both DL data and UL data during PUCCH repetition and PUSCH repetition. With the agreement above, we propose to assign UCI onto PUSCH whenever the time resource of PUCCH and PUSCH is overlapped.
Other alternatives include: simultaneous PUSCH and PUCCH transmission whenever they are overlapped properly, drop either one UL channel. The former alternative is not yet discussed, and the latter alternative can be considered but it seems not being optimized with simplified implementations. Furthermore, the latter alternative may support priority-based selection mechanism.
In order to piggyback UCI onto PUSCH, we can distinguish two cases. Case 1 is that PDCCH for PUCCH comes before PDCCH for UL grant; Case 2 is the complementary case.
Case 1 (UL grant comes later): UE knows of PUCCH slots by DL-DCI. In addition, UE knows of PUSCH slots by UL-DCI. Thus, Case 1 has three types of UL transmissions; PUCCH slot, PUSCH slot, and UCI on PUSCH slot. The serving gNB knows the UCI size, and can allocate enough PUSCH resource even when UCI intervenes.
[bookmark: _Ref510791978]Proposal 1: If UL-DCI comes later than DL-DCI, then there are three set of slots when PUSCH repetition and PUCCH repetition partially overlap. (PUCCH slot, PUSCH slot, and UCI on PUSCH slot)
Case 2 (UL grant comes before): UE knows of PUSCH slots (with possible UCI) by UL-DCI. In addition, UE knows of PUCCH slots by DL-DCI. Just as Case 1, there exists three types of UL transmissions, but according to previous agreement, the DL assignment is not received after UL grant in Rel-15.
	Agreements: (RAN1-90b)
· Regarding hanlding the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH



To follow the current agreement, it is possible to drop PUSCH and to transmit PUCCH. This is because such fast HARQ-ACK feedback would imply the DL URLLC traffic. It is a valid point except when PUSCH carries the UL URLLC traffic. For the other way, dropping PUCCH and transmitting PUSCH have an exception as well.
In our understanding, the current agreement is applied in contexts of no-repetition case. Thus, we would suggest to reconsider the scenario to build a more complete solution. If the current agreement is extended to repetition case, then the DL assignment and the UL grant can impact to the scheduling after PUSCH repetition completes and the throughput can decrease.
[bookmark: _Ref510791981]Proposal 2: If UL-DCI comes before DL-DCI, then the current agreement (i.e., no DL assignment is received after UL grant) applies to the single slot transmission case.
The above alternatives focused how to estimate the number of UCI bits before UE encodes UL-SCH. We would propose the third alternative, which depends on the DL-DCI. The DAI field in the DL-DCI can indicate the UCI size in the PUSCH. When UE misses DL-DCI, UE transmit PUSCH without corresponding HARQ-ACK. When UE catches DL-DCI, UE knows the UCI size and encode UL-SCH properly. The serving gNB should set appropriate timing for K0, K1, K2 and provide DAI so that UE can prepare for the correct PUSCH transmission. Thus just as Case 1, Case 2 would have three types of UL transmissions; PUCCH slot, PUSCH slot, and UCI on PUSCH slot.
2.2 PUCCH repetition in a slot
In the case of UCI repetition, it is agreed to transmit PUCCH repeatedly using the same resource allocation. The resource pattern of the first PUCCH instance should be applied for the remaining PUCCH transmission. The time allocation such as the starting symbol and number of symbols within the slot is kept same. 
[bookmark: _GoBack]The serving gNB determines the repetition factor for each PUCCH format regardless of UCI types (e.g., PUCCH-F1-number-of-slots). The SR is repeated if HARQ-ACK needs to be repeated, or vice versa. Also, according to 3GPP TS 38.331 V15.1.0 (2018-03), the periodicity of SR can be less than a slot. For 2-symbol case, SR is on PUCCH format 0 and is not agreed to repeat.
		-- SR periodicity and offset in number of slots. Corresponds to L1 parameter 'SR-periodicity' and 'SR-offset' (see 38.213, section 9.2.2)	
	-- The following periodicities may be configured depending on the chosen subcarrier spacing:
	-- SCS =  15 kHz: 2sym, 7sym, 1sl, 2sl, 4sl, 5sl, 8sl, 10sl, 16sl, 20sl, 40sl, 80sl
	-- SCS =  30 kHz: 2sym, 7sym, 1sl, 2sl, 4sl, 8sl, 10sl, 16sl, 20sl, 40sl, 80sl, 160sl
	-- SCS =  60 kHz: 2sym, 7sym/6sym, 1sl, 2sl, 4sl, 8sl, 16sl, 20sl, 40sl, 80sl, 160sl, 320sl
	-- SCS = 120 kHz: 2sym, 7sym, 1sl, 2sl, 4sl, 8sl, 16sl, 40sl, 80sl, 160sl, 320sl, sl640
	-- sym6or7 corresponds to 6 symbols if extended cyclic prefix and a SCS of 60 kHz are configured, otherwise it corresponds to 7 symbols.
	-- For periodicities sym2, sym7 and sl1 the UE assumes an offset of 0 slots.



For a given numerology, 7-symbol is the least periodicity for SR. UE has two SR opportunity in a slot. The number of symbols for SR in this case will be among 4, 5, 6, 7 symbols. In this case, the repetition factor and the duration should be determined to obtain sufficient reliability and latency. For SR whose period is one slot or more slots, the number of symbols for SR is not limited, and can be transmitted in the next slot if being repeated. Figure 1 shows SR repetition twice with period 4-slot.
[image: ]
[bookmark: _Ref510644581]Figure 1 Example of SR repetition when its period is 4-slot.

On the other hand, PUCCH whose period of a half slot is advantageous when the dynamic TDD is concerned because dynamic SFI can drop PUCCH. When dynamic SFI declares some symbols as DL or FL, it is less likely that shorter PUCCH is dropped than longer PUCCH is. The 3GPP TS 38.213 V15.0.1 (2018-03) below describes the condition in which SR is not transmitted on semi-static FL symbols.
	For a set of symbols of a slot that are indicated as flexible by higher layer parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated, when provided to a UE, or when higher layer parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot
· …
· If the UE is configured by higher layers transmission of periodic SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE shall transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols of the slot only if DCI format 2_0 indicates the set of symbols of the slot as uplink
…
For a set of symbols of a slot that are indicated as flexible by higher layer parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated, when provided to a UE, or when higher layer parameters UL-DL-configuration-common, or UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a format for the slot
· …
· If the UE is configured by higher layers for transmission of periodic SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE shall not transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols of the slot.
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(a) Current SR repetition 	 (b) Proposed SR repetition
[bookmark: _Ref510551029]Figure 2 Example of SR repetition when its period is a half slot.

Following the current agreement, the SR repetition is described in Figure 2, where Figure 2 (a) has one SR in a slot, whereas Figure 2 (b) has two SR in a slot. The difference between two schemes is to allow UE to reach the fastest available SR resource. Since the period of SR is a half slot, the next available SR resource comes after 7 symbol and it has the same duration and the same frequency resource. Thus, the proposed repetition consumes less latency while serving gNB receives the same number of symbols. For example, 10-symbol PUCCH and two 5-symbol PUCCH occupy the same duration and they have the same detection performance. On the other hand, OCC length will be decreased from 10 to 5. The serving gNB should balance proper multiplexing capability and flexibility to dynamic TDD.
[bookmark: _Ref510791984]Proposal 3: SR repetition within a slot is supported (for URLLC application and for flexible SFI support).
For other UCI types, it is also good to have such repetition pattern to obtain less latency when the PUCCH is confined within a half slot. However, other UCI types has some disadvantages. In the case of HARQ-ACK, the PUCCH resource indicator in DL-DCI may or may not confine the PUCCH within a half slot boundary. If we introduce the proposed scheme for HARQ-ACK, then UE should prepare two different behaviour of repetition based on DL-DCI. In our understanding this increases the complexity. In the case of periodic CSI, the proposed scheme can be applied because RRC configures PUCCH resources. However, it means that CSI is encoded with higher code rate to confine within a half slot. It is serving gNB to optimize the bandwidth of PUCCH and the duration (and repetition factor) of PUCCH with the given target code rate. 
3 Conclusion
In this contribution, we propose the following.
Proposal 1: If UL-DCI comes later than DL-DCI, then there are three set of slots when PUSCH repetition and PUCCH repetition partially overlap. (PUCCH slot, PUSCH slot, and UCI on PUSCH slot)
Proposal 2: If UL-DCI comes before DL-DCI, then the current agreement (i.e., no DL assignment is received after UL grant) applies to the single slot transmission case.
Proposal 3: SR repetition within a slot is supported (for URLLC application and for flexible SFI support).
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