3GPP TSG RAN WG1 Meeting NR#3			          R1-1715766
Nagoya, Japan, 18th – 21st, September 2017

Source: 	ETRI
[bookmark: Title]Title: 	Long-PUCCH over multiple slots
Agenda Item:	6.3.2.2.3	Support of long-PUCCH over multiple slots
Document for:	Discussion
1 Introduction
[bookmark: OLE_LINK15][bookmark: _Ref471737701][bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _GoBack]In this contribution, we address our view about long PUCCH over multiple slots. This is the revision of previous contribution R1-1713816.
2 Discussion
2.1 PUCCH repetition with medium payload
	Agreements: (RAN1-88)
· For PUCCH in long duration, 
· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)
· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed
· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.
· FFS for >2 UCI bits
· FFS the case of within a slot

Agreements: (RAN1-90)
· Long-PUCCH for moderate UCI payload with multiplexing capacity is supported



In LTE, some RRC parameters support UL coverage limited scenarios. For PUCCH, AckNackRepetition is introduced. The UE can transmit 2 or 4 consecutive PUCCH format 1x. For PUSCH, ttiBundling is introduced. The UE can transmit 4 PUSCHs with different RVs. In LTE advanced, there was the discussion to support DL CA for UL coverage limited scenario, but it is not supported. In this scenario, the UE can be located in the DL coverage center but in the UL coverage edge, or the UE can be located both in the UL and DL coverage edge but UE has intense DL traffic. The serving eNB can perform the DL link adaptation using more DL CC. This configuration generates large number of HARQ-ACK bits, but UE can still use only PUCCH format 1x.
In NR, CBg based PDSCH is supported. This is because retransmitting a large DL TB can waste the resource even when a small portion of CB has an error. In other words, RAN1 discusses how to increase wisely the control overhead to reduce the retransmission overhead. However, as in the LTE advanced, the similar scenario can be considered, i.e., large DL traffic (based on CBg) in UL coverage limited scenario. Therefore, it is beneficial to have AckNackRepetition of NR supporting 3 bits or more. This also helps to achieve the edge UPT requirement which is one of ITU-R KPIs.
In addition, URLLC can be considered. The UCI for URLLC will be transmitted via PUCCH, and its reliability can be enhanced by repetition. In terms of latency, the DTx event does not occur 
If AckNackRepetition supports many HARQ-ACK bits, then it can also support the other UCI type such as CSI. Since the other UCI types have generally lower target BLER probability, those UCI bits can share the same mechanism.
[bookmark: _Ref485221889]Proposal 1: PUCCH carrying 3 bits or more can be repeated regardless of UCI types.
[bookmark: OLE_LINK48][bookmark: OLE_LINK46][bookmark: OLE_LINK47]When PUCCH repetition carrying 3 bits or more is configured, the UE should perform channel encoding (RM or polar) to the UCI types. Unlike the single shot PUCCH, PUCCH repetition has more freedom for the channel coding procedure. For instance, UE can perform a joint encoding of PUCCH over multiple slots, or repeat each PUCCH with distinct redundancy version. This may impact to the encoding chain and decoding processes. However, receiving more parity bits are generally more reliable than repeating systematic bits, and is worth to study.
[bookmark: _Ref485221891]Proposal 2: Study further to allow to have different redundancy version for each PUCCH transmission.
In LTE, the serving eNB does not schedule PDSCH until PUCCH repetition ends. However, if DL traffic is heavy, then it requires enhancements to PUCCH repetition otherwise the DL throughput is limited by the UL coverage. In NR, it is better to overcome such limitations and the serving gNB can assign more PDSCH to such UEs during PUCCH repetition. This means that the HARQ-ACK bits can vary during PUCCH repetition. To support this scenario, the encoding and decoding should be enhanced. For instance, in the case of encoding procedure, the redundancy version of the PUCCH can be reset if the UCI bits are changed during the PUCCH repetition. 
[bookmark: _Ref485221892]Proposal 3: Study further to allow schedule PDSCH before PUCCH repetition ends.
2.2 UL duration to PUCCH repetition
	Agreements: (RAN1 adhoc 1)
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

Agreements: (RAN1-90)
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· [bookmark: _Hlk491366649]Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.



The UL duration of a slot can be changed in the dynamic TDD scenario. The long UL physical channel has to identify the precise duration within a slot. In the case of PUCCH repetition, the duration of PUCCH can be different for each slot. The serving gNB should indicate these durations, and there are a few alternatives to accomplish.
· Alt 1: UE-specific DCI can carry UL duration.
· Alt 2: Group common (GC) DCI can carry UL duration.
In the Alt 1, the UE-specific DCI (either DL-related DCI or UL-related DCI) indicates the UL duration. A UE can recognize the UL duration from the last received DCI. When UCI type is HARQ-ACK, the DL-DCI can indicate the UL duration at which the HARQ-ACK timing occurs. When UCI type is aperiodic CSI, the UL-DCI can indicate UL duration at which the CSI report occurs. However, there are some cases without DCI and the Alt 1 may not be the unified solution.
In the Alt 2, the GC DCI can indicate the SFI of one or more slots because the SFI contains the UL duration. When UCI type is triggered by DCI, the UL duration of the slot where PUCCH transmits should be known prior to generate PUCCH. Even when UCI type is periodically reported, the UE can determine the UL duration. In addition, the Alt 2 can have less UE-specific DCI overhead when it comes to the PUCCH repetition. The detailed GC DCI should be discussed in the DL control session.
[bookmark: _Ref485221894]Proposal 4: The Alt 2 (GC DCI) can indicate PUCCH duration in the dynamic TDD scenario.
3 [bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1: PUCCH carrying 3 bits or more can be repeated regardless of UCI types.
Proposal 2: Study further to allow to have different redundancy version for each PUCCH transmission.
Proposal 3: Study further to allow schedule PDSCH before PUCCH repetition ends.
Proposal 4: The Alt 2 (GC DCI) can indicate PUCCH duration in the dynamic TDD scenario.
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