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Introduction
In RAN1 NR ad-hoc #1, it was agreed that the PDSCH starting position can be explicitly and dynamically indicated [1]. In addition, the PDSCH duration is also allowed to be dynamically indicated [2]. The related agreements are captured as follows:
	Agreements in 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 in #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



In this contribution, we discuss further details on the signaling of the PDSCH starting position.

Discussion
0. UE common 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 the slot-based scheduling, the PDSCH start symbol should be frequency selective from the network perspective as a CORESET (and NR-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, their PDSCH start symbol should be indicated by their own DL assignment DCI. Moreover, the symbol-level TDM between PDSCHs for different UEs in the same slot should be supported in the analog beamforming case, which also requires UE-specific PDSCH start symbol indication.
Proposal 1: The PDSCH start symbol is explicitly indicated by UE-specific DCI.

Basically, the NR PDSCH can start at any symbol within a slot considering various NR operation scenarios including URLLC transmission, coexistence with LTE, unlicensed band operation, etc. But this does not mean that the relevant DCI field, e.g., ‘PDSCH start symbol indication field’, should always be capable of indicating all the possible symbol locations. For instance, in the case of slot-based scheduling, the PDSCH is usually scheduled from the first part of a slot, e.g., 1st, 2nd, or 3rd symbol if the CORESET consists of the first two symbols. Meanwhile, for the mini-slot self-scheduling case, zero or one symbol offset from one of PDCCH symbols may be sufficient. For mini-slot cross-scheduling case, rather larger offset between the reference PDCCH symbol and the PDSCH start symbol, e.g., 7 symbol offset, should be allowed and small offsets can be excluded from the candidate value(s). As such, the actual set of candidate PDSCH start symbols can be limited in practice. Therefore, the L1 signaling for the PDSCH start symbol indication can be combined with a RRC signaling. That is, the L1 signaling can choose one among the candidate PDSCH start symbols which are pre-configured by the RRC signaling. If the gNB wants to fix the (absolute or relative) PDSCH starting position, the RRC signaling can solely be used to configure one fixed symbol location and the ‘PDSCH start symbol indication field’ can be disabled in such case.
Proposal 2: A set of candidate PDSCH start symbol(s) can be configured by RRC signaling to reduce the DCI signaling overhead.

0. Absolute vs. relative PDSCH start symbol indication
There are two options in the PDSCH start symbol indication: one is indication of the absolute symbol index, and the other is indication by the relative symbol offset from a reference symbol other than slot boundary. To be more specific, the following two alternatives can be considered:
· Alt. 1: Indication of a symbol index in a slot (e.g., #0~#6 for 7-symbol slot and #0~#13 for 14-symbol slot)
· Alt. 2: Indication by a relative symbol offset from one of DCI symbols, i.e., DCI end symbol
In the following, the two alternatives are compared under a couple of cases.
Fig. 1 shows a slot-level scheduling example where a DCI in symbol #1 schedules a PDSCH which starts from symbol #3. In this case, the DCI field will deliver symbol index #3 if Alt. 1 is applied, and will deliver symbol offset value of 2 (=#3-#1) if Alt. 2 is applied. In Alt. 2, the valid symbol offset range may change slot by slot depending on the DCI symbol position, but fundamentally there is no functional difference between the two alternatives.



Fig. 1. An example of slot-level PDSCH scheduling

However, some difference can be found if the mini-slot-level scheduling is considered. If the mini-slot duration is much shorter than the slot duration, the PDSCH can be allocated from various symbol locations depending on the scheduled mini-slot location within a slot. For example, when UE is configured with 2-symbol mini-slot as in Fig. 2, the PDSCH can start from every second symbol.
There are two possibilities for NR to treat the mini-slot scheduling case. One is that the scheduling type, i.e., slot-level or symbol-level, is explicitly configured to UE. In this case, the absolute symbol index in Alt. 1 can be per-slot basis (e.g., #0~#13 for 14-symbol slot) if UE is configured with the slot-level scheduling, and can be per-mini-slot basis (e.g., #0~#1 for 2-symbol mini-slot) if UE is configured with the symbol-level scheduling. The latter case is described in Fig. 2(a). There may be no need of Alt. 2-like indication.
The second option is that the mini-slot is not explicitly defined in the specification but is implemented by the configuration of the CORESET monitoring periodicity and the PDSCH duration. Since there is no mini-slot-level symbol index in this case, only the per-slot symbol index can be used if Alt. 1 is adopted. But this may require a large number of candidate symbols for L1 indication, i.e., large bit-width of the ‘PDSCH start symbol indication field’. Instead, Alt. 2 is more efficient than Alt. 1 since the range of the symbol offset can be stationary regardless of the mini-slot location. For example, the candidate symbol offsets can be {0}, {0, 1}, {7}, etc. The case of {0, 1} is shown in Fig. 2(b). As such, the PDSCH start symbol can be efficiently indicated without the explicit mini-slot configuration.



Fig. 2. Examples of mini-slot-level PDSCH scheduling

On the other hand, NR should support multi-beam PDCCH transmission to combat the beam pair link blockage for over 6GHz operation. In this scenario, a single PDSCH can be scheduled by multiple DCIs, e.g., two DCIs, from different beam pair links. If the beam pair links have different spatial QCLs, then the two DCIs may need to be transmitted on different symbols of the same slot. In this case, Alt. 2 may not be appropriate since different symbol offset values for the PDSCH start symbol indication mandate different payloads of the two DCIs, which eliminates the possibility of the DCI soft-combining at the receiver. Thus, Alt. 1 may be a better option for the PDCCH multi-beam support. More views on the multi-beam PDCCH can be found in our companion contribution [3].
Based on the discussion, it is preferred that NR supports both Alt. 1 and Alt. 2 for the PDSCH start symbol indication. Either one of them can be configured to UE by higher-layer signaling.
Proposal 3: The followings are supported in NR and are configurable to UE.
· Opt. 1: The PDSCH start symbol is indicated by an absolute symbol index per slot.
· Opt. 2: The PDSCH start symbol is indicated by a relative symbol offset from the DCI end symbol.
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Conclusion
In this contribution, we discussed further details on how to indicate the PDSCH starting symbol to UE. 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) can be configured by RRC signaling to reduce the DCI signaling overhead.
Proposal 3: The followings are supported in NR and are configurable to UE.
· Opt. 1: The PDSCH start symbol is indicated by an absolute symbol index per slot.
· Opt. 2: The PDSCH start symbol is indicated by a relative symbol offset from the DCI end symbol.

References
[1] Chairman’s Notes RAN1 NR Ad-Hoc #1.
[2] Chairman’s Notes RAN1 NR #88bis.
[3] R1-1713813, “Multi-beam support for UE-specific NR-PDCCH,” ETRI, RAN1 #90.
4

image2.emf
t

f

#0#1#0#1#0#1#0#1#0#1#0#1#0#1

#0#1#2#3#4#5#6#7#8#9#10#11#12#13

Slot

Per-slot 

index

Mini-slot symbol 

index #1

Mini-slot symbol 

index #0

PDSCH

DCI

t

f

#0#1#2#3#4#5#6#7#8#9#10#11#12#13

Slot

Symbol offset 

1 (#3-#2)

Symbol offset 

0 (#6-#6)

PDSCH

DCI

Symbol offset 

0 (#10-#10)

CORESET

(a) Explicit mini-slot configuration, Alt. 1

Per-mini-

slot index

CORESET

(b) Implicit mini-slot configuration, Alt. 2


Microsoft_Visio____2.vsdx


t
f
#0
#1
#0
#1
#0
#1
#0
#1
#0
#1
#0
#1
#0
#1
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
Slot
Per-slot index











Mini-slot symbol index #1
Mini-slot symbol index #0
PDSCH
DCI


t
f
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
Slot











Symbol offset 1 (#3-#2)
Symbol offset 0 (#6-#6)
PDSCH
DCI
Symbol offset 0 (#10-#10)
CORESET
(a) Explicit mini-slot configuration, Alt. 1
Per-mini-slot index
CORESET
(b) Implicit mini-slot configuration, Alt. 2



image1.emf
t

f

#0 #1 #2#3 #4#5 #6 #7 #8 #9#10#11#12#13

Slot

Alt. 1: symbol index #3

Alt. 2: symbol offset 2 (=#3-#1)

DCI

PDSCH

CORESET


Microsoft_Visio____1.vsdx

t
f
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
Slot


Alt. 1: symbol index #3
Alt. 2: symbol offset 2 (=#3-#1)
DCI
PDSCH
CORESET



