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1 Introduction

At the RAN1#86bis meeting, the following agreements were made regarding slot aggregation for data channel [1]:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots 
Further, at the RAN1 NR-Adhoc meeting, the following agreements were made on scheduling and HARQ feedback timing [2]:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 

· The set of values is configured by higher layer

· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values

· The set of values is configured by higher layer

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values

· The set of values is configured by higher layer

· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing

In this contribution, we present our view on slot aggregation for data transmission in NR.  

2 Discussion on slot aggregation for data transmission
Scheduling of data transmission with slot aggregation

At the RAN1#86bis meeting, it was agreed that NR should support slot aggregation, where data transmission can be scheduled to span one or multiple slots [1]. In our view, the main motivation for slot aggregation is to improve link budget and enhance coverage for data transmission, similar to TTI bundling as defined in LTE uplink data transmission. This is essential when considering the UL data transmission with a larger subcarrier spacing. To achieve similar link budget as LTE, when 60kHz subcarrier spacing is employed, 4 slots may be allocated for the transmission of UL data channel with 1ms duration. 
Based on the coverage status of one UE, e.g., whether UE is located at cell center or cell edge, gNB can configure the number of slots allocated for data transmission via RRC signalling. It is FFS whether dynamic indication or a combination of high layer configuration and dynamic indication can be used to signal the number of slots for data transmission. 
Proposal 1:

· The number of slots in slot aggregation is at least configured by higher layers.

· FFS: dynamic indication or a combination of high layer configuration and dynamic indication. 
Slot aggregation in time domain
In case of dynamic TDD system, for DL or UL data transmission spanning multiple slots, starting and end position for the transmission of data channel can be different for different slots within aggregated slots. Figure 2 illustrates one example of slot aggregation for DL data transmission in dynamic TDD. From the figures, it can be observed that the position and duration of DL data transmission in each slot may depend on DL control region size, CSI-RS configuration, or whether GP and UL control channel is present in the same slot. In this case, certain mechanisms may need to be defined to signal the DL or UL data transmission position in each slot within aggregated slots for proper decoding at receiver. 
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Figure 1. Slot aggregation for DL data transmission in dynamic TDD
When scheduling the data transmission with slot aggregation, the position for data transmission in each slot can be signalled in the DCI. To achieve maximum scheduling flexibility, a bitmap can be defined to indicate the starting/end symbol of data transmission in each slot. This option, however, would substantially increase signalling overhead and may not be scalable given that the number of slots for data transmission can vary depending on coverage enhancement level and numerology employed for the data transmission. 

Alternatively, the starting and end position of data transmission in each slot can be configured by higher layers. Given that SPS based CSI-RS or UL control channel may be scheduled within aggregated slots, gNB may schedule the data transmission in a conservative way taking into account the presence of CSI-RS and UL control channel. In this case, a limited number of symbols would be allocated for data transmission in each slot within aggregated slots, which may not be desirable in term of spectrum efficiency. 
Based on the discussions above, mechanisms to indicate the starting/end position for data transmission in each slot within aggregated slots for dynamic TDD need to be carefully investigated with the considerations of scheduling flexibility and signalling overhead. 
Proposal 2:

· Mechanisms to indicate the starting/end position for data transmission in each slot within aggregated slots for dynamic TDD need to be carefully investigated with the considerations of scheduling flexibility and signalling overhead.
Slot aggregation in frequency domain

For data transmission with slot aggregation, intra-slot and/or inter-slot frequency hopping can be employed to exploit the benefit of frequency diversity. Note that for coverage enhancement, data transmission may be scheduled in the same frequency resource across slots, which can facilitate cross-channel estimation at receiver to improve the channel estimation performance, especially under the noise limited scenario. Hence, frequency hopping pattern needs to be carefully investigated with considerations of cross-slot channel estimation performance and frequency diversity gain. In case of one transport block spanning multiple slots, data channel may be transmitted 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 data transmission. 

Further, whether to enable or disable intra-slot or inter-slot 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 intra-slot or inter-slot frequency hopping. 
Proposal 3:

· Intra-slot and/or inter-slot frequency hopping can be employed for data transmission with slot aggregation to exploit the benefit of frequency diversity.
· Whether to frequency hop or not can be semi-statically configured. FFS dynamic indication
Dynamic resource sharing of control and data transmission with slot aggregation
At previous RAN1 meetings [2]
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 \* MERGEFORMAT [3], it was agreed that NR should support dynamic resource sharing of control and data channel for both DL and UL. In particular, for DL, data transmission can be allocated in at least part of the resources in the control resource sets for the same or a different UEs. Similarly for UL, FDM based multiplexing of data and control channel is supported both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping.  
For data transmission with slot aggregation, dynamic resource sharing of control and data transmission can be enabled to improve spectrum efficiency. As shown in Figure 2, for each slot within aggregated slots, in case when starting symbol of DL data transmission is equal to or less than the control resource set duration, DL data channel can be rate matched around the control resource set or the resources actually used for transmission of the DL control channel. This can also apply for the case when inter-slot frequency hopping is employed for data transmission with slot aggregation. 
Given that DL control channel for one or more UEs may be transmitted in distinct time and frequency resources in different slots, it may be difficult to indicate the resources which are actually used for DL control channel transmission and in turn can be allocated for DL data transmission in each slot. In this regard, it may be more appropriate to rate match DL data channel around the reserved resource or control resource set in each slot within aggregated slots, which can help reduce signaling overhead substantially. Similar design principle may apply for UL data transmission, i.e., UL data transmission may be rate matched around the reserved resource for UL control channel within aggregated slots. 
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Figure 2. Dynamic resource sharing between data and control with slot aggregation
Proposal 4:

· Dynamic resource sharing of control and data transmission for both DL and UL is supported for slot aggregation.
· FFS: signaling mechanism and resource allocation.
3 Conclusions

In this contribution, we shared our view on slot aggregation for data transmission in NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1:

· The number of slots in slot aggregation is at least configured by higher layers.

· FFS: dynamic indication or a combination of high layer configuration and dynamic indication. 
Proposal 2:

· Mechanisms to indicate the starting/end position for data transmission in each slot within aggregated slots for dynamic TDD need to be carefully investigated with the considerations of scheduling flexibility and signalling overhead.

Proposal 3:

· Intra-slot and/or inter-slot frequency hopping can be employed for data transmission with slot aggregation to exploit the benefit of frequency diversity.
· Whether to frequency hop or not can be semi-statically configured. FFS dynamic indication
Proposal 4:

· Dynamic resource sharing of control and data transmission for both DL and UL is supported for slot aggregation.
· FFS: signaling mechanism and resource allocation.
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