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1 Introduction

At the RAN1 AH#3 meeting, the following agreements were made with regards to long PUCCH with multiple slot duration [1]:

Agreements:

· 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 

Agreements:

· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration

· FFS details

· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE

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

Agreements:

· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner

· Up to 4 possible RRC configured numbers, detailed values FFS

In this contribution, we present our view on remaining issues for long PUCCH with multiple slot duration.  

2 Long PUCCH with multiple slot duration
2.1 Resource allocation in time domain

To achieve at least similar link budget as LTE, long PUCCH may span over 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. As agreed in the RAN1#90b meeting [1], the number of slots allocated for long PUCCH can be semi-statically configured by higher layers in a UE specific manner, which may depend on UE’s current coverage status. 
Further, it was agreed that duration of long PUCCH in each slot is the same for long PUCCH spanning over multiple slots. As a further extension, same time domain resource including the starting symbol and duration of long PUCCH in each slot should be allocated, which can help to reduce the signalling overhead substantially. 

Note that, the support of different durations in different slots for long PUCCH over multiple slots is FFS. To enable this feature, one straightforward approach is to explicitly signal the starting symbol and duration of long PUCCH in each slot. This option, however, may not be feasible in practice in terms of significant signalling overhead, especially when considering long PUCCH over relatively large number of slots. To address this issue, UE may derive time domain resource for long PUCCH in each slot according to semi-static or dynamic SFI. However, this mechanism may not solve the collision issue between long PUCCH and other physical signals/channels from other UEs, e.g., SRS in the last symbol. 

Taking into account the above issues, in our view, support of different durations in different slots for long PUCCH over multiple slots is not needed for NR. In case of dynamic TDD, gNB may simply signal the starting symbol and duration corresponding to minimum time domain resource among aggregated slots so as to avoid potential collision between long PUCCH and other physical signals or channels. 
For slot position for long PUCCH over multiple slots, it is straightforward that consecutive slots can be employed for paired spectrum. In case of unpaired spectrum, same design principle can be considered for slot position for long PUCCH over multiple slots. In particular, in case when semi-static DL and UL configuration is configured, consecutive UL slots can be employed. Further, for dynamic TDD, with proper scheduling mechanism, consecutive slots can be allocated for long PUCCH over multiple slots, excluding certain reserved DL slots, e.g., for SSB or RMSI transmission. 
Proposal 1:
· For long PUCCH spanning multiple slots:

· For FDD, consecutive slots are employed for long PUCCH over multiple slots.

· For TDD, consecutive UL slots are employed for long PUCCH over multiple slots

· Do not support different durations in different slots.
2.2 Resource allocation in frequency domain

As agreed in the RAN1#90b meeting, inter-slot hopping is supported by configuration. In addition, intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE [1]. In case of inter-slot frequency hopping, in order to achieve appropriate balance between cross-slot channel estimation performance and frequency diversity gain, 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. Figure 1 illustrates one example of inter-slot frequency hopping pattern for long PUCCH spanning multiple slots. 
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 spanning multiple slots. This may provide more flexibility from network perspective on the scheduling of data or control channel, especially when considering the support of a wider system bandwidth. In this regard, gNB may assign certain UL control region within a wider system bandwidth, and multiple UEs can be multiplexed within the same UL control region for long PUCCH transmission in a slot or over multiple slots. 

As agreed in the RAN1#90 meeting, frequency hopping of a PUCCH occurs within the active UL BWP for the UE [2]. Depending on UE capability on returning time, hopping bandwidth of inter-slot hopping may exceed UE transmission bandwidth for long PUCCH over multiple slots, which may be desirable in case when configured bandwidth part is narrow. In this regard, frequency diversity gain can be maximized when returning time is short. 
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Figure 1. Inter-slot frequency hopping for long PUCCH spanning multiple slots
Proposal 2:
· For long PUCCH over multiple slots with inter-slot frequency hopping, frequency hopping occurs in the middle of multiple slots.
2.3 Resource allocation in code domain

For long PUCCH in a slot carrying up to 2 UCI bits, it was agreed that intra-slot OCC is applied in order to improve the multiplexing capacity. In addition, OCC length on DM-RS and UCI is the same as that for the number of DM-RS and UCI symbols in each frequency hop in case of frequency hopping, respectively [1]. 
Note that for long PUCCH spanning over multiple slots, similar design principle can be considered. More specifically, both intra-slot and inter-slot OCCs can be applied for the transmission of long PUCCH with multiple slot duration, which can help to further increase UL control channel capacity. Figure 2 illustrates one example when both intra-slot and inter-slot OCCs are applied for the transmission of long PUCCH spanning multiple slots.
[image: image2.png]Inter-slot OCC

Intra-slot OCC
/—)%

LT TP TTUTU T TUTUTTUTUTITY o e

Slot #n Slot #n+1 Slot #n+2 Slot #n+3





Figure 2. Intra-slot and inter-slot OCC for long PUCCH spanning multiple slots
Proposal 3:

· For long PUCCH over multiple slots, inter-slot OCC can be applied for robustness and larger capacity.
3 Conclusions

In this contribution, we shared our view on resource allocation and frequency hopping for long PUCCH with multiple slot duration. Based on the discussions, we summarize our views through the following proposals:
Proposal 1:
· For long PUCCH spanning multiple slots:

· For FDD, consecutive slots are employed for long PUCCH over multiple slots.

· For TDD, consecutive UL slots are employed for long PUCCH over multiple slots

· Do not support different durations in different slots.

Proposal 2:
· For long PUCCH over multiple slots with inter-slot frequency hopping, frequency hopping occurs in the middle of multiple slots.

Proposal 3:

· For long PUCCH over multiple slots, inter-slot OCC can be applied for robustness and larger capacity.
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