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Introduction
In RAN1 NR ad-hoc #1, it was agreed that the starting position of PDSCH can be explicitly and dynamically indicated [1]. In addition, from RAN1 #88bis agreements, the PDSCH duration is also allowed to be dynamically indicated [2]. The related agreements are captured as follows:
	Agreements from NR ad-hoc #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 from #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
Working assumption from #88bis:
· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another users data transmission.



In this contribution, we discuss signaling details for the PDSCH start symbol indication.

Discussion
UE-common DCI vs. UE-specific DCI
It should be determined whether the PDSCH starting position is indicated by either UE-common DCI or UE-specific DCI. In our view, at least for slot-based scheduling, the PDSCH start symbol should be frequency selective as a CORESET (and PDCCHs therein) can be band-limited even within a bandwidth part. Since different UEs can be scheduled in different sets of PRBs in the same slot, the DL scheduling DCI should be used to indicate the PDSCH start symbol.
Proposal 1: The PDSCH start symbol is explicitly indicated by UE-specific DCI.

It was agreed in RAN1 #88bis that the PDSCH with 1 symbol duration can start at any symbol within a slot. The agreement can be extended to PDSCH with an arbitrary symbol duration to guarantee larger resource allocation flexibility. However, not all symbol locations are always needed to be dynamically indicated. For example, for slot scheduling, the first few symbols, e.g., 0th, 1st, 2nd symbol, may usually be used as the PDSCH starting position. For mini-slot self-scheduling case, zero or one symbol offset from the end symbol of the DCI may be sufficient. For mini-slot cross-scheduling case, larger offset between the DCI symbol and the PDSCH start symbol, e.g., 7 symbol offset, should be allowed and small offsets can be excluded. Therefore, RRC signaling can be used to configure a proper set of candidate PDSCH start symbols for DCI indication. The size of ‘PDSCH start symbol indication field’ in the DCI should be scalable depending on the number of candidates chosen by the RRC signaling. When only one candidate is higher-layer configured, the PDSCH start symbol indication field may be disabled, and a fixed (absolute or relative) location will be used as the PDSCH starting position.
Proposal 2: A set of candidate PDSCH start symbol(s) for DCI indication is configured by RRC signaling.

Absolute starting position vs. relative starting position
There are two approaches to indicate the PDSCH starting position: one is to indicate an absolute position derived within a slot, and the other is to indicate a relative start position based on a reference point other than slot boundary. To be specific, the following two alternatives can be considered:
· Alt. 1: An absolute symbol index per slot (0~6 or 0~13) is indicated.
· Alt. 2: A relative symbol offset from one of DCI symbols (e.g., DCI’s last symbol) is indicated.
For the slot scheduling case, there seems not much difference between the two alternatives. Fig. 1 shows a slot scheduling example where a DCI in symbol #1 schedules a PDSCH which starts from symbol #3. If exists, the PDSCH start symbol indication field would deliver symbol index #3 if Alt. 1 is applied, and symbol offset 2 if Alt. 2 is applied.



Fig. 1. An example of slot-based PDSCH scheduling
However, for the mini-slot scheduling case with a short PDCCH monitoring periodicity, e.g., 2 symbol periodicity, there should be a large number of PDSCH starting positions in a slot. Moreover, gNB may want to fix the relative PDSCH start symbol position from the DCI symbol, e.g., 0-symbol offset for self-scheduling (Fig. 2(a)) and 3-symbol offset for cross-scheduling (Fig. 2(b)). While this can be easily supported by Alt. 2, Alt. 1 will increase the DCI payload size due to large number of starting position candidates. Therefore, it is preferred to indicate the PDSCH start symbol by relative position based on Alt. 2.
Proposal 3: UE derives the PDSCH start symbol position based on the indicated and/or configured relative symbol offset from one of DCI symbols.
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Fig. 2. An example of mini-slot based PDSCH scheduling


Conclusion
In this contribution, we discussed the dynamic indication of PDSCH starting position. Our proposals include the followings:
Proposal 1: The PDSCH start symbol is explicitly indicated by UE-specific DCI.
Proposal 2: A set of candidate PDSCH start symbol(s) for DCI indication is configured by RRC signaling.
Proposal 3: UE derives the PDSCH start symbol position based on the indicated and/or configured relative symbol offset from one of DCI symbols.
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