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Introduction
In this contribution, we discuss remaining issues on DL/UL time domain resource allocation. Based on the discussion, we suggest corrections on TS 38.213 Section 5.1.2.1 and Section 6.1.2.1.

Discussion
The agreements on the time domain resource allocation from RAN1#91 are as follows [1]:
	Agreements:
· One table for UL, one table for DL configured by RRC in Rel-15
· Each table is up to 16 rows
· In the table, each row is configured by RRC with 
· K0 using 2 bits (for DL table), K2 using 3 bits (for UL table)
· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
· PDSCH mapping type A or B
· The reference point for starting OFDM symbol:
· No RRC impact (e.g., slot boundary, start of CORESET where the PDCCH was found, or part of the table/equation in RAN1 specs. FFS details)
· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 
· No additional RRC impact how to use the aggregation factor along with the tables

Working assumption:
Encode OFDM symbol start and length into the resource index RIV according to
L = length
S=start
if (L-1)<7 then
RIV=14(L-1)+S
else
RIV=14(14-L+1)+(14-1-S)



PDSCH/PUSCH starting symbol S
The current description of TS 38.213 Section 5.1.2.1 says the following [2]:
	-	The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:



Regarding the square bracket part (yellow color), it is currently FFS how to define the reference point for PDSCH/PUSCH starting OFDM symbol. Examples of the reference point include slot boundary (Alt. 1, as currently captured in TS 38.213), start of CORESET where PDCCH was found (Alt. 2).
In our view, the two alternatives have different impact on the L1 signaling overhead. In other words, the number of RRC table entries to represent the starting symbol candidates can be different between Alt. 1 and Alt. 2 in some cases. For slot-based scheduling, Alt. 1 and Alt. 2 are equivalent and the only difference is the way of representing the starting symbol, i.e., its candidates are {0, 1, 2, …, 13} for Alt. 1 and {-c, 1-c, 2-c, …, 13-c} for Alt. 2 where c denotes the index (within a slot) of CORESET starting symbol.
However, in the case of non-slot-based scheduling, Alt. 2 is much more efficient than Alt. 1. Let’s assume that a CORESET is configured to UE with the monitoring periodicity of two symbols, e.g., UE monitors CORESET in symbol #0, #2, #4, #6, #8, #10, #12 of a slot, and the gNB wants to schedule the PDSCH using each pair of symbols as depicted in Fig. 1(a). In this case, if Alt. 1 is applied, UE should be configured with seven candidates for starting symbol S, i.e., {0, 2, 4, 6, 8, 10, 12}, which is very inefficient and consuming the RRC table entries for ‘time domain resource assignment’ field restricts the flexible use of other joint parameters, i.e., K0, PDSCH duration L, and the PDSCH mapping type. In contrast, if we adopt Alt. 2, a single value {0} suffices for the starting symbol S, from which the gNB can choose between reducing the RRC table size and filling in the remaining table entries with additional combinations of parameters.
Fig. 1(b) shows another example of non-slot-based scheduling where PDSCH is scheduled 7 symbols later than the CORESET (assuming 1 symbol PDSCH duration though not supported in Rel-15). This type of cross-symbol scheduling may be useful in the case of analog beamforming at over 6 GHz when the symbol duration is much shorter than the RF retuning time. In this case, Alt. 1 requires seven values for S, i.e., {7, 8, 9, 10, 11, 12, 13}, but Alt. 2 only needs a single offset value of {7}. If other time domain resource allocation parameters are fixed together, the ‘time domain resource assignment’ field in DCI can be disabled.


Fig. 1. Examples of non-slot-based PDSCH scheduling

Based on the discussion, Alt. 2 is believed to provide a benefit at least for the case of non-slot-based scheduling. Therefore, it is proposed to change the current wording of Section 5.1.2.1 in TS 38.213 as follows:

Proposed change on TS 38.213 Section 5.1.2.1 (and Section 6.1.2.1):
	-	The starting symbol S relative to the start of CORESET where the DCI was received[the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:



The same can apply for the UL case in Section 6.1.2.1 of TS 38.213.


Encoding of starting symbol S and duration L
In the last RAN1 meeting, it was agreed as working assumption that PDSCH/PUSCH starting symbol S and duration L are jointly encoded based on the RIV representation. This is currently captured in TS 38.213 as follows [2]:
	-	The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and



However, according to the current description, the value range of SLIV is from 0 to 104. Thus, total 7 bits are required to represent the SLIV, which is against the previous agreement. The following alternatives can be considered.
· Alt. 1: Keep the current equation and use 7 bits.
· Alt. 2: Modify the equation by restricting the range of S and L.
· Alt. 2-1: Apply different range restriction for PDSCH mapping type A and B.
The simplest way is to adopt Alt. 1 since there is no RAN1 impact. However, this requires RRC parameter modification. If the RRC parameter update is not allowable, our second preference is Alt. 2-1. For PDSCH mapping type A, L should support full range from 1 to 14 considering the scheduling on full DL slot and full UL slot. However, for S, big numbers are less important since PDSCH mapping type A is mainly for slot-based scheduling, and also the first symbol of the front-loaded DMRS is fixed as the third or the fourth symbol of a slot. Our proposal is to limit the range of S as S<=4. The resulting equation can be written as follows:
	if L<=10,  then SLIV = 5(L-1) + S where S={0, 1, 2, 3, 4}
	else if L=11,  then SLIV = 50 + S where S={0, 1, 2, 3}
	else if L=12,  then SLIV = 54 + S where S={0, 1, 2}
	else if L=13,  then SLIV = 57 + S where S={0, 1}
	else,  then SLIV = 59 + S where S={0}
For PDSCH mapping type B, on the contrary, S should support all valid numbers in order to support flexible symbol-level resource allocation but L can be restricted. Since the Rel-15 NR only supports L=2, 4, and 7, the remaining values for L can simply be removed.
	if L=2,  then SLIV = S where S={0, 1, 2, …, 12}
	else if L=4,  then SLIV = 13 + S where S={0, 1, 2, …, 10}
	else if L=7,  then SLIV = 24 + S where S={0, 1, 2, …, 7}

Proposed change on TS 38.213 Section 5.1.2.1 (and Section 6.1.2.1):
	-	The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:
- If the PDSCH mapping type is set to Type A,
	   if L<=10,  then SLIV = 5(L-1) + S,  where S={0, 1, 2, 3, 4}
	   else if L=11,  then SLIV = 50 + S,  where S={0, 1, 2, 3}
	   else if L=12,  then SLIV = 54 + S,  where S={0, 1, 2}
	   else if L=13,  then SLIV = 57 + S,  where S={0, 1}
	   else,  then SLIV = 59 + S,  where S={0}
- If the PDSCH mapping type is set to Type B,
	   if L=2,  then SLIV = S,  where S={0, 1, 2, …, 12}
	   else if L=4,  then SLIV = 13 + S,  where S={0, 1, 2, …, 10}
	   else if L=7,  then SLIV = 24 + S,  where S={0, 1, 2, …, 7}



The same can apply for the UL case in Section 6.1.2.1 of TS 38.213.


Slot aggregation
In TS 38.213 Section 5.1.2.1 [2]:
	When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL consecutive slots not defined as UL by the slot format indication.



The yellow color part can be interpreted in multiple ways. First, the meaning of ‘consecutive slots’ is not clear, i.e., it should be clarified whether the aggregated slots are physically consecutive or can be discontinuous in time should. Our preference is to allow only the slot aggregation with physically consecutive slots.
The second unclear part is the text ‘slots not defined as UL’. Since a UL slot can have ‘flexible’ symbols, two interpretations are available.
· Alt. 1: ‘Unknown’ part of a UL slot can be used for DL slot aggregation.
· Alt. 2: ‘Unknown’ part of a UL slot cannot be used for DL slot aggregation.
In our understanding, there is no clear reason to prevent the unknown symbols in a UL slot from being utilized for DL slot aggregation. Since the current wording is ambiguous and even the text ‘not defined as UL’ seems redundant, it is suggested to remove it from the sentence.

Proposed change on TS 38.213 Section 5.1.2.1:
	When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL physically consecutive slots not defined as UL by the slot format indication.




Conclusion
[bookmark: _GoBack]In this contribution, we provide a text proposal on TS 38.213 Section 5.1.2.1 (some part can also apply for Section 6.1.2.1) based on some discussion as follows:
	5.1.2.1   Resource allocation in time domain
-	The starting symbol S relative to the start of CORESET where the DCI was received[the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:
- If the PDSCH mapping type is set to Type A,
	   if L<=10,  then SLIV = 5(L-1) + S,  where S={0, 1, 2, 3, 4}
	   else if L=11,  then SLIV = 50 + S,  where S={0, 1, 2, 3}
	   else if L=12,  then SLIV = 54 + S,  where S={0, 1, 2}
	   else if L=13,  then SLIV = 57 + S,  where S={0, 1}
	   else,  then SLIV = 59 + S,  where S={0}
- If the PDSCH mapping type is set to Type B,
	   if L=2,  then SLIV = S,  where S={0, 1, 2, …, 12}
	   else if L=4,  then SLIV = 13 + S,  where S={0, 1, 2, …, 10}
	   else if L=7,  then SLIV = 24 + S,  where S={0, 1, 2, …, 7}

if  then


else 



where, and
-  The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.
When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL physically consecutive slots not defined as UL by the slot format indication.
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