[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 91		                          R1-1720225
Reno, USA, November 27th – December 1st, 2017

Source: 	ETRI
[bookmark: Title]Title: 	Long PUCCH over multiple slots
Agenda Item:	7.3.2.2.3	Support of long-PUCCH over multiple slots
Document for:	Discussion
1 Introduction
In this contribution, we discuss the remaining details for PUCCH repetition.
2 Discussion
2.1 [bookmark: OLE_LINK1]Whether the duration of each slot is the same or different

	Agreement (adhoc 3)
· An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.
· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS

Agreements: (90bis)
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots 



The simplest case includes the same duration for each PUCCH transmission. However, even in the FDD system, the number of UL symbols may not be constant because of SRS and short PUCCH. The number of SRS symbols are UE-specific and the SRS slot is configured UE-specifically. It is not efficient that the gNB always reserve 6 UL symbols whenever UE transmits long PUCCH. 
There are alternatives to make the UE wait until the valid UL slot, while each PUCCH duration keeps same. The UE transmits long PUCCH in the valid UL slot. It is a simple solution but it increases the PUCCH latency and is not desirable because PDSCH could have latency requirements. In some dynamic TDD scenario, this PUCCH transmission may not be possible for quite a many slots.
In our understanding about the dynamic TDD, the duration of long PUCCH should be able to change at each slot. The UL duration depends on the relative ratio between DL traffic and UL traffic in the cell perspective. Those traffic come from both UEs in cell edge and UEs in cell center. If the duration of long PUCCH is always applied, then the system loses the flexibility because the UL traffic is served for many slots but DL traffic is not served for those slots. It is not desirable because the system does not support URLLC traffic. However, the variable duration of long PUCCH can optimize for both UEs in cell edge or cell center. 
[bookmark: _Ref494710815]Proposal 1: The duration can be different for each PUCCH transmission.
The DL-DCI for PDSCH can includes the time resource for PUCCH repetition, just as the single PUCCH transmission. This includes the starting symbol and the duration for PUCCH for each slot. However, it is the tradeoff between the PDCCH overhead and the throughput. It may not be required that the gNB should guarantee the minimal UL duration of slots while PUCCH repetition ends. This is another optimization for UL edge UEs and sub-optimization for UL center UEs. We think that the DL-DCI can indicate each PUCCH resource for each slots. Though being flexible, the DL-DCI overhead should also be considered. With the same coding rate of UCI, the number of REs, which is determined by the number of symbols and the number of PRBs for each PUCCH resource, should be guaranteed to be more than a predetermined threshold. Since the duration for PUCCH can be changed at every slot, the number of PRBs should be changed correspondingly. This motivates the DL-DCI indicates jointly duration and the bandwidth for PUCCH. This joint index can be included in the DL-DCI when the PUCCH repetition is performed.
[bookmark: _Ref498631837][bookmark: _Ref498635060]Proposal 2: The joint indication of duration and bandwidth for PUCCH for each slot is supported
[bookmark: _Ref498631841]Proposal 3: The DL-DCI includes the joint index for duration and bandwidth for the PUCCH for each slot when PUCCH repetition is performed.
The starting symbol index as well as the duration is also required to determine one PUCCH time resource. The DL-related DCI can indicate the starting PUCCH symbol via PUCCH-F1-F3-F4-starting-symbol (and PUCCH-F0-F2-starting-symbol for short PUCCH). This starting symbol should be signalled for DL-centric slot or UL-centric slot. For the first PUCCH transmission, the DL-related DCI can include the starting symbol. 
For the second to the last PUCCH transmissions, the same DL-related DCI may also include the starting symbol. However, the DL-DCI may not include each starting symbol index for each slot because of large overhead. Instead, the starting symbol index can rely on the GC-DCI carrying SFI. The SFI can indicate types of multiple slots, and UE can monitor a few GC-DCI for SFI to acquire the correct type at each PUCCH transmission.
[bookmark: _Ref498635076]Proposal 4: The starting symbol of PUCCH can be indicated by SFI except the first transmission.
2.2 UCI transmission in each slot for more than 2 bits
	Agreements:
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot



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 the incremental redundancy can be supported.
When the duration of each PUCCH transmission is the same, the code rate is the same. However, if the duration of each PUCCH transmission varies, then the effective code rate also changes. The coded UCI bits can be mapped to available REs while using the same generator matrix.
[bookmark: _Ref485221891]Proposal 5: Each PUCCH transmission has different redundancy version.
2.3 Other issues
In LTE, the 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 gNB can assign more PDSCH to such UEs during the PUCCH repetition. This means that the payload of HARQ-ACK bits could 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 6: Assigning PDSCH before PUCCH repetition ends is supported.
3 Conclusion
In this contribution, we made following proposals.
Proposal 1: The duration can be different for each PUCCH transmission.
Proposal 2: The joint indication of duration and bandwidth for PUCCH for each slot is supported
Proposal 3: The DL-DCI includes the joint index for duration and bandwidth for the PUCCH for each slot when PUCCH repetition is performed.
Proposal 4: The starting symbol of PUCCH can be indicated by SFI except the first transmission.
Proposal 5: Each PUCCH transmission has different redundancy version.
Proposal 6: Assigning PDSCH before PUCCH repetition ends is supported.
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