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1 Introduction

At the meeting RAN1#86bis [1], it was agreed that:
Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots
At the meeting RAN1#87 [2], for the multiplexing of downlink control and data, it was agreed that:

Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS: if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any
Besides, at the RAN1 #88 [3] and #88bis meeting [4], some agreements were further made that:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols

· FFS: the indicated duration is the number of slots

· FFS: the indicated duration is the numbers of symbols + slots

· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used

· FFS: rate-matching details

· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown
In this contribution, we investigate the duration and starting position of a data transmission for slot aggregation, and possible data mapping schemes are also discussed. Resource allocation of data channel is discussed by taking dynamic multiplexing of the data and control channel into account.
2 Discussion
2.1 Starting position and duration of a data transmission
During frame structure discussion, it is agreed that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots. Comparing to no slot aggregation where single DCI schedules one slot, single DCI scheduling multiple slots can reduce control overhead. 
One remaining question about slot aggregation is how to indicate the number of scheduled slots or duration of a data transmission, e.g., by dynamic signaling or by semi-static signaling. Considering the following reasons, we propose that at least dynamic signaling should be supported.
· Dynamic TDD. At RAN1#87 meeting [2], it is agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. Semi-static signaling of the number of scheduled slots would restrict the flexibility of dynamic TDD. Dynamic TDD means that transmission direction or slot type can be changed every slot. Semi-static signaling of the number of scheduled slots means that the number of scheduled slots just can be adjusted at least every several milliseconds. Thus, dynamic TDD would restrict the application of slot aggregation. 
· Flexible resource allocation and multiplexing. For FDM based multiplexing, coexistence region would allow simultaneous scheduling of eMBB and URLLC traffic. For example, the coexistence region occupies a sub-band with 60 kHz SCS. URLLC scheduling interval is 1 slot while eMBB is 4 slots. As shown in Figure 1, if UE 2, which could be a URLLC service, just needs 1 slot, then the remaining 3 slots can be allocated to UE 1. On the other hand, it allows the gNB MAC scheduler can instantaneously adapt the scheduled slots to the gNB MAC buffer status, i.e., the TTI duration can be matched to the packet size of the data transmission. 
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Figure 1. Flexible TDM of UEs
· Flexible HARQ. As we known, the estimated SINR/CQI at UE side may fluctuate. For instance, the neighboring burst traffic appears randomly, it is difficult to predict SINR/CQI accurately, which means inappropriate MCS would be chosen in a high probability. Allocating less resource to retransmission than initial transmission can potentially avoid resource waste. As an example, for initial transmission with 4 slots, the TB is divided into 4 CBGs. If only 1 CBG needs to be retransmitted, then only 1 slot is required for retransmission. Adjusting resource in time domain can maximize the throughput of given UE, especially for low traffic case. 
Observation 1: Dynamic signaling of aggregated slot number can enable flexible resource allocation and UEs multiplexing in time domain.
Proposal 1: For slot aggregation case, the aggregated slots can be indicated in DCI.
2.2 Resource allocation for data channel multiplexing with control channel
As the capacity of control channel is time-varying, in order to increase the resource utilization efficiency, a part of control resources can be dynamically multiplexed for data channel as agreed in [2], hence some PRBs within control resource sets (CORESET) or un-configured resource in control region can be dynamically reused for data transmission. 
In LTE, the frequency granularity of the resource for data transmission (i.e. RBG size) can be 1, 2, 3, 4. In LTE, the RBG size is based on system bandwidth. While for control channel resource, there was a working assumption made in RAN1#88bis that a NR-CCE is defined as 6 REGs and REG bundling per CCE in frequency domain is supported, REG bundling size in frequency domain can be seen as the frequency-domain granularity of control channel resources.  Based on the analysis in [6], the REG bundling size in frequency domain is dependent on the CCE-to-REG mapping scheme, such as localized or distributed mapping, frequency-first or time-first mapping, and the time duration of CORESET. For example, considering the possible time duration of CORESET can be 1, 2, 3 OFDM symbols, for time-first CCE-to-REG mapping, the possible REG bundling size in frequency domain can be 1, 2 or 3; while for frequency-time CCE-to-REG mapping, the possible REG bundling size in frequency domain can be 2, 3 or 6.  When control resources are used for data transmission, if the LTE based RBG sizes is assumed for NR, the RBG size of data channel and REG bundling size in frequency domain of control channel is not same, thus possible scheduling collision could happen and some frequency resources in control channel cannot be efficiently used for data channel. As Figure 2 illustrated, when control resources are used for data transmission, if the REG bundling size in frequency domain is 2, and RBG size is 3, the unused PRBs cannot to be scheduled to data channel.
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Figure 2. Possible scheduling collision when data channel multiplexing with control channel 

So if control resources are used for data transmission, in order to make most full use of control channel resources, the RBG size for data transmission should be same with the frequency granularity of control channel as possible. So when the control channel resources are reused for data channel, as both of RBG and REG bundling contain group of PRBs, it is beneficial to have a unified design for RBG size and REG bundling size in frequency domain. 
In NR, more variety for subcarrier spacing and kinds of gNB or UE bandwidths can be supported, however, considering the simplicity of DCI design, the number of bits for resource allocation field (such as bitmap) should not change so much for various cases, so the RBG sizes in NR can keep a set of values and the maximum RBG size especially for larger bandwidth, can be larger than LTE RBG size.  Furthermore, in order to align with possible REG bundling size in frequency domain, the maximum RBG size could be 6 or even larger (e.g.12). 
So based on the REG bundling size in frequency domain, possible resource allocation scheme for data channel is discussed as follows:
The candidate sizes of RBG can be predefined as 1,2,3,6 to align with all possible REG bundling sizes in frequency domain. In the field of resource allocation, a bitmap with resolution of 6 PRBs is used to indicate which 6-PRBs unit regions are used for potential data channel transmission across the whole bandwidth. In order to schedule smaller size of RBG within the frequency regions indicated by bitmap to match with REG bundling size in frequency domain and achieve better scheduling granularity, especially for UEs with kinds of bandwidth sizes, possible several nested scheduling granularities are provided, as shown in Figure 3, these nested patterns can contain information about the size of scheduled RBGs and their location within corresponding 6-PRB region across full bandwidth.
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Figure 3. Nested patterns with different RBG sizes
As the capacity of control channel is dynamically changed, in order to support dynamically multiplexing of data and control, nested patterns with different RBG sizes for same or different UEs can be dynamically changed. Therefore, in DCI, a number of bits can be added in front of bitmap to indicate UE which nested pattern is used for data channel resource allocation. And UE can be specific pre-configured with a set of nested patterns by RRC or MAC CE signalling to reduce the DCI overhead. Based on the REG bundling size in frequency domain, the gNB can decide the nested patterns in set used for data channel resource allocation. Then the number of bits in front of bitmap depends on the number of nested patterns in set configured by RRC or MAC CE signalling.
Figure 4 illustrates an example of data channel multiplexing with control channel, the REG-to-CCE mapping is distributed and frequency-first, and the REG bundling size in frequency domain is 2. Then in this situation, the nested patterns with RBG size 2 illustrated in Figure 4 can be used for data channel resource allocation, and then the allocation collision between control channel and data channel can be avoided somehow.
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Figure 4. Example of data channel multiplexing with control channel with 6-PRB based pattern
Proposal 2: RBG size should be same with REG bundling size in frequency domain in order to efficiently enable dynamic multiplexing of control and data channels.
Proposal 3: A particular RBG size can be dynamically indicated by a RA field in the DCI for scheduling a data transmission from a set of RBG sizes with nested patterns configured via RRC or MAC CE signalling.
3 Conclusions
According to the above discussions, we have the following observation and proposals:

Observation 1: Dynamic signaling of aggregated slot number can enable flexible resource allocation and UEs multiplexing in time domain.
Proposal 1: For slot aggregation case, the aggregated slots can be indicated in DCI.
Proposal 2: RBG size should be same with REG bundling size in frequency domain in order to efficiently enable dynamic multiplexing of control and data channels.
Proposal 3: A particular RBG size can be dynamically indicated by a RA field in the DCI for scheduling a data transmission from a set of RBG sizes with nested patterns configured via RRC or MAC CE signalling.
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