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1 Introduction

At the RAN1#88bis meeting, the following agreements were made regarding long PUCCH design within a slot [1]:

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

At the RAN1#88 meeting, the following agreements were made with regard to long PUCCH with one and multiple slot duration [2]:
· 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
In this contribution, we present our view on time and frequency domain resource allocation for long PUCCH within a slot and with multiple slot duration. 
2 Long PUCCH in time domain
For NR, long UL-part of a slot can be used for transmission of PUCCH in long duration. Further, for UL data slot, UL data channel and UL control channel can be multiplexed in a FDM fashion. Depending on slot duration, DL control resource set size, GP duration and whether short PUCCH or SRS is present in the same slot, the starting symbol and duration for long PUCCH transmission can vary substantially. 
As agreed in the RAN1#88bis meeting [1], the number of symbols for long PUCCH in a slot can be {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}. In this case, certain mechanisms need to be defined to signal the time domain resource for long PUCCH in a slot in order to ensure proper decoding at receiver. As discussed in the RAN1#88 meeting [2], various options can be considered to determine the time resource for long PUCCH in a slot, including explicit and dynamic indication, explicit semi-static configuration, implicit determination, or a combination thereof.
For NR, time domain resource allocation mechanisms for long PUCCH can be different for various UCI types. With regard to long PUCCH time resource for HARQ-ACK feedback, one straightforward approach is to semi-statically configure it via higher layer signalling. This approach, however, may not fully exploit the scheduling flexibility. Assuming that DL control resource size is configured as 3 symbols and 1 symbol duration for GP, the starting symbol for long PUCCH carrying HARQ-ACK can be configured as symbol #4. However, depending on loading condition, gNB may only utilize one symbol for DL control transmission even if DL control resource size is configured as 3 symbols. In this case, resource waste is expected as long PUCCH starts from symbol #4. 

To address this issue, gNB can dynamically indicate the starting symbol for long PUCCH transmission in the DCI, which can provide maximum scheduling flexibility. Following the above example, the starting symbol for long PUCCH can be indicated as symbol #2, which can also help to improve the link budget for long PUCCH transmission due to the fact the number of symbols is increased from 10 to 12 with 14 symbol slot duration. Note that this option may not be desirable due to potential signalling overhead in the DCI. 
To strive for a proper balance between scheduling flexibility and signalling overhead, a combination of higher layers signalling and dynamic indication in the DCI can be considered to indicate the time resource for long PUCCH carrying HARQ-ACK. For instance, 1 bit indicator can be included in the DCI to indicate whether symbol #0 or configured symbol index is used as the starting symbol for long PUCCH transmission.  
Note that UL control channel can also be used to carry periodic or SPS based CSI report, where resource allocation and deallocation can be configured by higher layer signalling. In particular, RRC signalling can be used to configure the resource for periodic or SPS based CSI report, while MAC-CE can be further dynamically activate/deactivate the resource for SPS based CSI report. This resource allocation can include both time and frequency domain resource in case when CSI report is carried by long PUCCH. Hence, for long PUCCH carrying CSI report, time domain resource including starting and end symbol can be configured by higher layers. 

Proposal 1
· For long PUCCH carrying HARQ-ACK feedback, time domain resource can be determined by a combination of higher layers signalling and explicit indication in DCI. 

· For long PUCCH carrying CSI report, time domain resource can be configured by higher layers.

3 Long PUCCH in frequency domain

As agreed in the RAN1 NR Adhoc meeting [3], intra-slot frequency hopping is supported for long PUCCH. To enable frequency hopping, two or more frequency resources can be allocated for long PUCCH transmission. Figure 1 illustrates examples of frequency hopping patterns for long PUCCH transmission with two and four frequency resources, respectively. 
Note that Allocating more than two frequency resources can provide more frequency diversity gain and thereby improve link budget for long PUCCH transmission. This mechanism, however, may not be desirable in terms of fragmented frequency resources, which would make the resource allocation scheme complicated for uplink data transmission. From system perspective, two frequency resources allocated for intra-slot frequency hopping for long PUCCH transmission can achieve appropriate tradeoff between frequency diversity and resource allocation flexibility. Hence, in our view, two frequency resources can be employed for intra-slot frequency hopping for long PUCCH.  
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Figure 1. Intra-slot frequency hopping for long PUCCH with two and four frequency resources
When two frequency resources are allocated for intra-slot frequency hopping, long PUCCH can be transmitted at or near edge of system bandwidth or UE specific transmission bandwidth, following a mirrored pattern within one slot. Alternatively, UE may perform frequency hopping for long PUCCH between two frequency resources. 
Figure 2 illustrates candidate frequency hopping options for long PUCCH. Given that different UEs may have different capabilities on the support of transmission bandwidth, it may be more desirable to configure the frequency resources for the transmission of long PUCCH. This may provide more flexibility from network perspective on the scheduling of data or control channel, especially when considering the support of a wide system bandwidth. In this regards, gNB may assign certain UL control region within a wide system bandwidth, and multiple UEs can be multiplexed within the same UL control region for long PUCCH transmission. 
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Figure 2. Intra-slot frequency hopping for long PUCCH

For NR, it was agreed that the number of symbols for long PUCCH in a slot can be {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}. In our companion contribution [4], basic building blocks with 2 and 3 symbol duration can be employed to construct long PUCCH with variable lengths. Note that depending on exact long PUCCH duration, one or more switching points for intra-slot frequency hopping may be considered as shown in Figure 3.  
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Figure 3. One or three switching point for intra-slot frequency hopping
In our view, the benefit of specifying more frequent switching points for intra-slot frequency hoping for long PUCCH is unclear. Instead, frequent switching for long PUCCH may have issues due to transient period for UE to switch from one frequency resource to another. Note that 20μs transient period was specified in LTE for frequency hopping or power change between two symbols. Unless NR specifies a smaller value for transient period, link level performance degradation can be expected and frequency diversity gain may be diminished for long PUCCH transmission. In case when a larger subcarrier spacing is employed, more frequent frequency hopping may not be feasible as UE needs to take one symbol duration as transient period. Based on the discussions above, single switching point can be specified for intra-slot frequency hopping for long PUCCH transmission. The exact switching position can be further decided after long PUCCH structure is agreed. 
It should be noted that whether to enable or disable frequency hopping can be semi-statically configured by higher layers or dynamically indicated in the DCI. For NR, enabling frequency hopping in a semi-static manner can be considered as a starting point and further investigation is needed on whether to employ dynamic indication to enable/disable frequency hopping.
Proposal 2:

· For intra-slot frequency hopping for long PUCCH:
· Two frequency resources are configured by higher layers for frequency hopping for a given UE. 

· Single switching point is specified for intra-slot frequency hopping. 

· Whether to frequency hop or not can be semi-statically configured. 
4 Long PUCCH with multiple slot duration
To achieve at least similar link budget as LTE, long PUCCH may span multiple slots. For instance, when 60 kHz subcarrier spacing is employed, 4 consecutive slots may be allocated for the transmission of long PUCCH with 1ms duration. Note that the number of slots allocated for long PUCCH can be semi-statically configured by higher layers.
For long PUCCH spanning multiple slots, in case of dynamic TDD system, first and last symbols for the transmission of long PUCCH can be different for different slots within aggregated slots. As illustrated in Figure 4, this may depend on DL control region sizes, GP duration or whether short PUCCH and SRS are present in each slot. In this case, certain mechanisms may need to be defined to signal the long PUCCH position in each slot within aggregated slots for proper decoding at gNB receiver.
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Figure 4. Different sizes for long PUCCH within aggregated slots
Similar to long PUCCH with 1 slot duration, frequency hopping can be applied for the transmission of long PUCCH spanning multiple slots. In particular, inter-slot frequency hopping may be employed to further improve the link budget for long PUCCH. Note that frequency hopping pattern needs to be carefully investigated with considerations of cross-slot channel estimation performance and frequency diversity gain. In one option, UE may transmit the long PUCCH in one frequency resource in K consecutive slots before switching to another frequency resource, where K is defined as half of the number of slots allocated for long PUCCH. 
For long PUCCH carrying relatively small UCI payload, multiple UEs can be multiplexed in a CDM manner in a same physical resource, including cyclic shift in frequency domain and OCC in time domain. As agreed in the RAN1#88 meeting [2], at least for 1 or 2 UCI bits, UCI can be repeated within N slots. Hence, the design principle can be further extended to the case when long PUCCH spans multiple slots. For instance, both intra-slot and inter-slot OCC can be applied for the transmission of long PUCCH with multiple slot duration, which can help to further increase UL control channel capacity. 
Proposal 3:

· For long PUCCH spanning multiple slots:

· The number of slots allocated for long PUCCH can be semi-statically configured by higher layers.

· Inter-slot frequency hopping can be employed to exploit the benefit of frequency diversity.
· Intra-slot and/or inter-slot OCC can be applied for robustness and larger capacity.
5 Conclusions

In this contribution, we shared our view on time and frequency domain resource allocation for long PUCCH within a slot and with multiple slot duration. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· For long PUCCH carrying HARQ-ACK feedback, time domain resource can be determined by a combination of higher layers signalling and explicit indication in DCI. 

· For long PUCCH carrying CSI report, time domain resource can be configured by higher layers.

Proposal 2:

· For intra-slot frequency hopping for long PUCCH:
· Two frequency resources are configured by higher layers for frequency hopping for a given UE. 

· Single switching point is specified for intra-slot frequency hopping. 

· Whether to frequency hop or not can be semi-statically configured. 
Proposal 3:

· For long PUCCH spanning multiple slots:

· The number of slots allocated for long PUCCH can be semi-statically configured by higher layers.

· Inter-slot frequency hopping can be employed to exploit the benefit of frequency diversity.

· Intra-slot and/or inter-slot OCC can be applied for robustness and larger capacity.

References

[1] Chairman’s notes, RAN1 #88bis, Spokane, USA, April, 2017.

[2] Chairman’s notes, RAN1 #88, Athens, Greece, February, 2017.
[3] Chairman’s notes, RAN1 NR Ad-Hoc, Spokane, USA, January, 2017.
[4] R1-1707392, “Structure of 1~2 bits HARQ-ACK long PUCCH with TDM DMRS”, Intel Corporation, RAN1#89, Hangzhou, P. R. China, May, 2017
PAGE  
1/5

