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1 Introduction
In NR, CORESET concept is introduced for control signal design to efficiently support small bandwidth control within wide bandwidth carrier. The CORESET in the frequency domain is a set of PRBs within which the UE attempts to blindly decode downlink control information. The CORESET can be configured to occupy at most 2 or 3 contiguous OFDM symbols according to carrier bandwidth. In this regard, the remaining PRBs except the CORESET can be used to transmit PDSCH. To support such a reuse mechanism, RAN1 agreed the followings [1]-[4]:
	Agreements: (RAN1 #87)
· 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

Agreements: (RAN1 NR-Adhoc#1)
· The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’
· FFS: how and with what granularity the unused control resource set(s) can be used for data

Agreements: (RAN1 #88bis)
· 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

Agreements: (RAN1 #89)
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols
· The configuration can indicate the starting OFDM symbol and time duration
· A CORESET is configured with only one CCE-to-REG mapping

Working assumptions: (RAN1 #89)
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions


In this contribution, we discuss the PDSCH starting position when the PDSCH is scheduled in upcoming slot(s) in case of cross-slot scheduling and slot aggregation. 

2 Discussion on PDSCH starting position
In LTE, based on control format indicator, a UE monitors whole carrier bandwidth in frequency domain and 1~3 OFDM symbols in time domain. Therefore, the starting position of LTE PDSCH is implicitly mapped to the next OFDM symbol of the DL control resource. In NR, however, since a UE can monitor some of PRBs as CORESET, not all PRBs in OFDM symbols for control region, once a PDSCH is scheduled in a slot, there could be some ambiguities as follows: 
1) (CORESET-level Reuse) The UE cannot know other UEs’ CORESET configuration because the CORESET is configured UE-specifically. If an additional (semi-static) signaling for CORESET configuration for other UEs is introduced, e.g., the ending position of the CORESET(s) in the OFDM symbol level, the PDSCH starting position is set to the next OFDM symbol after the ending position of the CORESET(s). If dynamic signaling is introduced, the PDSCH starting position can be indicated via DCI scheduling the PDSCH. By prioritizing the dynamic signaling over the semi-static signaling, the UE can know the starting position of the PDSCH. In other words, the actual PDSCH starting symbol for the PRB(s) x, denoted  is 

where  is the semi-static PDSCH starting position for the PRB(s) x and  is the dynamic PDSCH starting position for the PRB(s) x indicated in the DCI. As shown in Figure 1, when the ending positions of the CORESET #1 and CORESET #2 are the 1st OFDM symbol and the 2nd OFDM symbol, respectively, the semi-static signaling for CORESET configurations indicates as  for PRBs in CORESET #1,  for PRBs not configured to CORESETs), and  for PRBs in CORESET #2). When the PDSCH starting position in the DCI is the 2nd OFDM symbol, i.e.,  for all x, the actual PDSCH starting positions for scheduled PRBs are , and . When the PDSCH starting position in the DCI is the 3rd OFDM symbol, i.e.,  for all x, the actual PDSCH starting position can be , , and .
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(a)                                     (b)
Figure 1. Example of the PDSCH starting position indication. (a) The PDSCH starting position is indicated as the 2nd OFDM symbol in DCI. (b) The PDSCH starting position is indicated as the 1st OFDM symbol in DCI.

2) (DCI-level Reuse) The UE cannot know which CCEs are occupied by other UE’s PDCCH transmission. Even if UE can know the time-frequency CORESET configurations for all other UEs, the UE knows only the CCEs used for own PDCCH transmission and not the CCEs used for other PDCCHs. It should be noted that, since PDCCH(s) is dynamically allocated in the CORESET, the PDCCH(s) allocation information should be dynamically indicated to UE, if needed. This dynamic indication would be a burden and thus not preferred. More reasonable approach is to puncture or rate-match around the CCEs used to own PDCCH transmission and other CCEs are assumed to be used for PDSCH. As shown in Figure 2, when the CORESET #1 is configured to a UE and the UE decodes own PDCCH on the red-colored CCEs, the PDSCH starting position overlapping CORESET #1 is the 1st OFDM symbol with puncturing or rate-matching. In fact, the UE cannot know whether CCEs overlapping CORESET #1 is used to other UEs or not. So, 1-bit on/off indication may be needed.
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       (a)                                     (b)
Figure 2. Example of the PDSCH starting position indication (case 2). (a) The PDSCH starting position is indicated to the 2nd OFDM symbol in DCI. (b) The PDSCH starting position is indicated to the 1st OFDM symbol in DCI.

3) (Cross-slot case) Lastly, for a slot-aggregation case, a single PDCCH can schedule PDSCH over multiple slots. A UE does not know the PDCCH allocation information in the next slot if the PDSCH is scheduled over the multiple slots. For example, the PDCCH is located at the slot n and the PDSCH is allocated in the slots n~n+k for k>0. When an indication for the PDSCH starting position in the DCI is valid for the current slot n only, not for the consecutive slots, n+1,...,n+k, the dynamic indication is used to determine the PDSCH starting position in the current slot n. However, the semi-static configuration is still valid over the next other slots. Therefore, when the PDCCH scheduling PDSCH is located in the slot n, the actual PDSCH starting symbol for the PRB(s) x in slot m, denoted  is 

where  is the semi-static PDSCH starting position for the PRB(s) x and  is the dynamic PDSCH starting position for the PRB(s) x indicated in the DCI. As shown in Figure 3, the ending positions of the CORESET #1 and CORESET #2 is the 1st OFDM symbol and the 2nd OFDM symbol, respectively, which are semi-statically configured and  for PRBs in CORESET #1,  for PRBs not configured to CORESETs, and  for PRBs in CORESET #2. When the PDSCH starting position indicated in the DCI is the 2nd OFDM symbol, i.e.,  for all x, the actual PDSCH starting position in the slot n is , and , which are the same as in Figure 1-(a). However, the actual PDSCH starting position in the slot n+1 is , , and , which is solely determined by the semi-static signaling.
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Figure 3. Example of the PDSCH starting position indication (case 3) when The PDSCH starting position is indicated to the 2nd OFDM symbol in DCI
· Proposal 1. For dynamic reuse of control resource sets, it is necessary to consider the CORESET/DCI-level reuse and its extension to the cross-slot/slot-aggregation scheduling. 

3 Conclusion
In this contribution, we discussed the PDSCH and PDCCH reuse cases and provided possible approaches. Our views are summarized as follows:
· Proposal 1. For dynamic reuse of control resource sets, it is necessary to consider the CORESET/DCI-level reuse and its extension to the cross-slot/slot-aggregation scheduling.  
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