Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #100	Tdoc R1-2000234
e-Meeting, February 24th – March 6th, 2020

Agenda Item:	7.2.5.5
Source:	Ericsson
Title:	Remaining Issue of Inter-UE Prioritization and Multiplexing of UL Transmissions
Document for:	Discussion, Decision

1	Introduction
Inter-UE prioritization for URLLC WI in Rel-16 was finalized in RAN1#99. However, there are still some remaining issues. In the paper we address open issues and propose how to resolve them. In addition, some text proposals are included in the paper.

[bookmark: _Ref178064866]2	Discussion
2.1	Time duration for CI
For determination of reference region in time a parameter timedurationforCI has been introduced. As it was agreed already, the parameter timedurationforCI equals to configured UL CI monitoring periodicity if the configured UL CI monitoring periodicity is >1 slot or 1-slot with only one monitoring occasion. However, there are still open issues related to determination of reference region when more than one CI monitoring occasions happen within one slot:
1. Value range of the parameter is not fully agreed: 2, 4, 7, [14] symbols
2. It is unclear whether additional limitation is needed for sub-slot monitoring periodicity: “FFS The UE is not expected to be configured with a time duration for CI less than the time different (in symbols) between any adjacent monitoring occasions in a slot”
Specifically, the issues can be exemplified in Fig. 1. Due to non-uniform distribution of CI monitoring occasions there can be gaps of different sizes between two reference regions. Since CORESET can be placed in any OFDM-symbol within the slot, it can be pretty challenging to cover UL resources by reference regions without overlapping.
[image: ]
Fig. 1 – Reference region size in time is shorter than monitoring periodicity.

[bookmark: _Toc32562895]Gaps between two reference regions can be introduced due to aperiodic CORESET allocation.

We think that more flexibility can be supported by specification, thus, in case of sub-slot monitoring periodicities it is reasonable to allow reference resource overlapping and adopt value “14” for parameter timedurationforCI. On top of that it doesn’t seem necessary to have an additional limitation on timedurationforCI for sub-slot periodicities, because gaps between reference regions can be desirable from gNB point of view, e.g. when URLLC mini-slots can only be scheduled in certain OFDM-symbols of a slot.
[bookmark: _Toc32562896]Gaps between two reference regions can be desirable for gNB because interruptions can be allowed only in specific sets of OFDM-symbols.
[bookmark: _Toc32613115]Support value 14 of parameter timedurationforCI.

2.2	CI payload size
There are some values of CI payload size which was not finally adopted. CI-PayloadSize are {[1],2,4,[5],7,8,[10],14,16,[20],[25],28,32,[35],56,112}.
Considering the agreement:
· The configured value of CI-PayloadSize shall be a multiple integer of the configured value of timeGranularityforCI
Some pairs of CI-PayloadSize and timeGranularityforCI cannot co-exist. In the Table 1 below we collected all possible pairs and their possibility to be configured simultaneously.
Table 1. Possibility of co-existence of CI-PayloadSize and timeGranularityforCI values.
	CI-PayloadSize
	timeGranularityforCI

	
	1
	2
	4
	7
	14
	28

	[1]
	Yes
	No
	No
	No
	No
	No

	2
	Yes
	Yes
	No
	No
	No
	No

	4
	Yes
	Yes
	Yes
	No
	No
	No

	[5]
	Yes
	No
	No
	No
	No
	No

	7
	Yes
	No
	No
	Yes
	No
	No

	8
	Yes
	Yes
	Yes
	No
	No
	No

	[10]
	Yes
	Yes
	No
	No
	No
	No

	14
	Yes
	Yes
	No
	Yes
	Yes
	No

	16
	Yes
	Yes
	Yes
	No
	No
	No

	[20]
	Yes
	Yes
	Yes
	No
	No
	No

	[25]
	Yes
	No
	No
	No
	No
	No

	28
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	32
	Yes
	Yes
	Yes
	No
	No
	No

	[35]
	Yes
	No
	No
	No
	No
	No

	56
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	112
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



It can be seen from the table that some values of CI-PayloadSize can be configured only when timeGranularityforCI is 1. It means that signaling will be coarse in time but finer in frequency, which can be very good in some scenarios, e.g. slot or sub-slot CI monitoring periodicity. Thus, we don’t have strong technical arguments against values in brackets.
[bookmark: _Toc32613116]Adopt all candidate values for CI-PayloadSize.

2.3	Monitoring periodicity
The maximum monitoring periodicity for UL CI was temporarily agreed as [5] slots. We can further discuss how reasonable is this value.
A maximum periodicity can be selected based on the following aspects:
· Granularity of partitions: the longer periodicity the worse cancellation resolution
· Worst-case processing time of CI and start of reference region: we assume that the worst-case   is 36 symbols (120 kHz SCS) which correspond to ~2.5 slots.
· Maximum configurable K2 value is 32 slots, thus, in principle gNB can cancel transmission 31 slots in advance, which doesn’t make sense of course, because of URLLC applications
· Latency requirements: how far in advance scheduler makes decisions and URLLC periodicity. For URLLC it is reasonable to make decisions as closer to transmission as possible to minimize alignment delay. At the same time, even though there is a delay introduced by CI processing time, monitoring periodicity should not be too different from URLLC scheduling cycle, otherwise scheduling commands will be faster than cancellation commands.
To conclude, we think that CI monitoring periodicity should be aligned with scheduling cycle for URLLC, otherwise:
· If monitoring periodicity is longer than scheduling cycle, the cancelation indication will be slower than scheduling and simply cannot do its job.
· If monitoring periodicity is shorter than scheduling cycle, the cancelation indication can be underloaded (a bit inefficient) or redundant (beneficial for reliability).

[bookmark: _Toc32562897]CI monitoring periodicity should not be much longer than scheduling cycle, otherwise cancellation will be slower than scheduling, which can limit the feature usability.
Even for eMBB usual scheduling cycle is 1 slot. For extreme URLLC use cases, sub-slot scheduling cycle can be used. Thus, we now don’t see strong motivation to use periodicities longer than 1-2 slots and considering the fact that highest agreed granularity in time (timeGranularityforCI) is 28 partitions in time, one can limit periodicity by 2 slots.
[bookmark: _Toc32613117]Maximum CI monitoring periodicity is 2 slots.

2.4	Processing of CI and RR start for FR2
Processing of CI and start of reference region was defined as the following:
“…  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell. “
However, there is no Capability 2 defined for FR2, thus, it must be clarified that if capability 2 is not defined for certain combination of SCS and FR, UE should follow capability 1.
[bookmark: _Toc32562898]Since capability 2 is not defined for FR2, definition of reference region start is not clear from current version of specification.
[bookmark: _Toc32613118]Clarify definition of Tproc,2 for FR2.

For clarification, we propose the following TP for section 11.2A of TS38.213:
An indication by a DCI format 2_4 for a serving cell is applicable to PUSCH or SRS transmissions on the serving cell. For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4.  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell. Processing capability 1 should be used if processing capability 2 is not defined for a pair of Frequency Range and SCS in [6, TS 38.214].

[bookmark: _Toc24098540]
2.5	PDCCH
In the previous meeting there was an agreement about limitation of number of candidates (BDs) for cancelation indicator. However, there is still one FFS, should limits be supported per UL CI monitoring occasion or per span.
Since limitations per span is more applicable for URLLC UEs, while calcellation indicator will be monitored by best effort users (eMBB), we think that limitation should be defined per occasion.

[bookmark: _Toc32613119]Support limitation on number of candidates for CI monitoring only per occasion.
2.6	Timing advance issue
Currently, the reference resource starting symbols is defined in relation to DL CORESET and processing time (TS38.213):
“An indication by a DCI format 2_4 for a serving cell is applicable to PUSCH or SRS transmissions on the serving cell. For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4.  corresponds to the PUSCH processing capability 2 [6, TS 38.214] assuming  with  being the smallest SCS configuration between the SCS configurations of the PDCCH and of a PUSCH transmission or of an SRS transmission on the serving cell.”
Simultaneously, time shift between DL and UL at UE side is determined by Section 4.3.1 of TS38.211:



“Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where  is given by [5, TS 38.213].”
It means that two UEs in a signaling group having different timing advance value may have different understanding about reference region start. 
The issue is illustrated in Fig. 2. In the example, reference region for UE2 is shifted partially to next slot.
[image: ]
Fig. 2 – Reference region shift due to timing advance

On one hand, for 15 kHz SCS, one OFDM symbol shift is approximately 10km of distance. On the other hand, one OFDM symbol RR shift may appear even between UE1 with NTA= 0 vs. UE2 with NTA=1, or due to different cyclic prefix length. Detailed example is given by table and Fig. 3 below.
	
	15 kHz SCS, NTA, offset = 0, CORESET ends in symbol 8 (1…14) of slot N in DL. 1st and 8th symbols are long CP symbols. N2 = 5.

	
	TA (0,1 … 3846)
	TTA
	Tproc,2 for CI
	5 short CP OFDM symbols in UL
	Start of RR in UL

	UE1
	0
	0
	0.356771ms
	0.356771ms
	Slot N symbol 14

	UE2
	1
	0.000520833 ms
	0.356771 ms
	0.356771ms
	Slot N+1 symbol 1



[image: ]
Fig. 3 – Reference region determination at UE side for TA=0 and TA=1

The issue only partially can be solved by gNB implementation. However, one symbol uncertainty cannot be avoided. In order to solve the issue, we see two solutions:
i. One can have a correction of starting point of reference region in a way that far end UEs will apply small time offset and closer UEs will apply longer time offset. In other words, timing advance should be taken into account and subtracted from configurable maximum offset. E.g. RR start Tproc,2+TTA, align - TTA, where TTA, align can be derived based on RRC configured value. However, this doesn’t solve long/short CP issue.
ii. There should be K offset (in slots) and starting symbol within the slot configured for pointing the start of reference region (K and TDRA-like solution). In this case separate configuration should be applied for every search space (monitoring occasion) to deal with sub-slot monitoring periodicity.

[bookmark: _Toc32562899]Due to different length of CP and different timing advances between UEs, there can be an ambiguity in determination of reference region start (one or more OFDM symbols).
[bookmark: _Toc32613120]Revise definition of reference region starting position in time.
[bookmark: _GoBack]Conclusion
In the previous sections we made the following observations: 
Observation 1	Gaps between two reference regions can be introduced due to aperiodic CORESET allocation.
Observation 2	Gaps between two reference regions can be desirable for gNB because interruptions can be allowed only in specific sets of OFDM-symbols.
Observation 3	CI monitoring periodicity should not be much longer than scheduling cycle, otherwise cancellation will be slower than scheduling, which can limit the feature usability.
Observation 4	Since capability 2 is not defined for FR2, definition of reference region start is not clear from current version of specification.
Observation 5	Due to different length of CP and different timing advances between UEs, there can be an ambiguity in determination of reference region start (one or more OFDM symbols).


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support value 14 of parameter timedurationforCI.
Proposal 2	Adopt all candidate values for CI-PayloadSize.
Proposal 3	Maximum CI monitoring periodicity is 2 slots.
Proposal 4	Clarify definition of Tproc,2 for FR2.
Proposal 5	Support limitation on number of candidates for CI monitoring only per occasion.
Proposal 6	Revise definition of reference region starting position in time.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]TS38.213, Physical layer procedures for control (Release 16), v16.0.0, Jan 2020.

	4/4	
image1.png
DL

UL

7;#0(,2

7;#0(2 | procz procz

Slot n

Slot n+1 Slot n+2





image2.wmf
i


oleObject1.bin

image3.wmf
(

)

c

offset

TA,

TA

TA

T

N

N

T

+

=


oleObject2.bin

image4.wmf
offset

TA,

N


oleObject3.bin

image5.png
DL

UEI
UL

UEZ
UL

ULCl
ULCl

7;”0(,2 :

C Toacd

|

-~ Slotn

H 7;”062 g &
| e

<

Slot n+1

: 7;#0(,2 :
]

Slot n

L

Slot n+1





image6.png
SlotN
20s 30s 4os 50s 60s 7os 90s 100s | 1los | 12o0s | 130s | 1l4os
DL: UEl, TA=0 Short | Short | Short | Short | Short [ Short Short | Short | Short | Short | Short | Short
ce |l cp | cp | cp | cp | cp ce |l ce |l ce | cp | cp| cp
pro Referencere
20s 30s 4os 50s 60s 70s 90s | 1@os | 1los | 120s | 130s | 1l4os
u L, UE 1, TA=0 Short | Short | Short | Short | Short | Short Short | Short | Short | Short | Short | Short
cp cp cp cp cp | cp cp CP CP CP CP | CP
20s 30s 4os 50s 60s 7os 90s 100s | 1los | 120s | 130s | l4os
DL: UEZ, TA=1 Short | Short | Short | Short | Short [ Short Short | Short | Short | Short | Short | Short
ce | cp [ cp | cp | cp | cp ce | cplce | cp | cplcp
Tra Dro e

CP CP CP CP CP CP CcP CcP

20s 30s 4os 50s 60s 7os 90s 100s | 1los | 12o0s | 130s | l4os
u I—: u E2: TA= 1 Short | Short | Short | Short | Short | Short Short | Short | Short | Short | Short | Short
CcP CcP CcP CcP




