
3GPP TSG RAN WG1 Meeting #99                                                                	   R1- 1912172
Reno, USA, November 18th – 22nd, 2019
Source:	CATT
[bookmark: Title][bookmark: OLE_LINK35][bookmark: OLE_LINK36]Title:	Discussion on inter-UE UL multiplexing
[bookmark: Source]Agenda Item:	7.2.6.5
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref497831218]Introduction
At RAN1 #98bis meeting, the following agreements were achieved for UL inter-UE multiplexing [1]:
Agreements:
· Regarding UL CI monitoring, support the following:
· A new RNTI (e.g. CI-RNTI) is used for UL CI
· FFS: Monitoring periodicity larger than [5] slot is not supported for UL CI
· The aggregation level(s) and the number of PDCCH candidates configured by RRC 
· FFS possible restrictions, e.g., the ones associated with SFI
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK10]The DCI payload size for UL CI  is configured by RRC
· FFS possible values
Agreements:
· SRS can be cancelled by UL CI
· PUCCH cannot be cancelled by UL CI
· RACH related UL transmissions cannot be cancelled by UL CI, including MSG 1/3 in case of 4-step RACH, MSG A in case of 2-step RACH.
Agreements:
· Cross-carrier UL cancelation indication is supported using the same way as Rel-15 SFI/DL PI
· The indication field position in DCI for each cross-carrier indicated serving cell is configured by RRC
Agreements:
· Different UE processing time capability for UL CI (i.e. shorter or longer than T_proc2 for cap#2 UE) is not considered in Rel-16
· d2,1=0 also when DMRS and UL-SCH (for the PUSCH to be cancelled) are multiplexed in the 1st symbol
Agreements:
· In case of PUSCH repetitions, UL CI is applied to each repetition individually (actual repetition in case of Rel-16 PUSCH repetition) that overlaps with the resource (in time and frequency) indicated by UL CI.
Agreements:
· The reference time region where a detected UL CI is applicable is determined by the following:
· The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation
· FFS X can be configured to be larger than the minimum processing time for UL cancelation
· The duration of the reference time region is configured by RRC
· FFS Possible values (e.g. 2OS, 4OS, 7OS, 14OS, 28OS?)
· FFS DL symbols are excluded from the reference time region
Agreements:
· The reference frequency region where a detected UL CI is applicable is configured by RRC
Agreements:
Support the following for UL CI
· Each UL cancelation indicator per serving cell has a RRC configurable field size of  X bits 
· One value of X is 14
· FFS other values (e.g. X can be N (N>0) times of 7)
· The time domain granularity for the reference time region is configured by RRC
· FFS the possible values  (e.g. the time region can be divided into [1],[2],[4],[7],[14],…portions)
· FFS valid configurations according to the duration of the time reference region
· The frequency domain granularity is determined based on the configured time domain granularity and the configured bit field size of each indicator
· The time and frequency resource for cancellation is jointly indicated by a 2D-bitmap (i.e. similar as DL PI) over the time and frequency partitions within the reference region
· FFS dynamic 2D-bitmap
Agreements:
· For DG-PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set 
· Introduce one new RRC parameter that contains one additional P0-PUSCH-Set per SRI
· The one bit indication is present in the UL grant when the above new RRC parameter is configured 
· If present, the one bit in the DCI is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set
Conclusion:
· No enhancement for CG-PUSCH power control in Rel-16 for inter-UE multiplexing
In this contribution, we discuss the remaining details of UL cancelation indication.
Discussion
UL cancelation scheme
The time domain granularity for resource cancelation
It was agreed at RAN1#98 meeting that a 2D-bitmap indication is used as resource indication scheme which is similar to DL pre-emption. UL CI is more flexible than DL pre-emption, e.g. it supports configurable bit width for each CI, configurable reference time/frequency region and configurable time domain granularity wherein the details of the possible value need to be further discussed.
In our view, the time domain granularity should take the configuration of bit width into account. Since the frequency domain granularity is determined based on the bit width of the CI indicator and the configured time domain granularity, improper time domain granularity and bit width combination may lead to non-integer number of frequency partitions, e.g. assuming the DCI payload is M bits and the the time region is divided into T portions, the frequency region is divided into M/T portions. The value T is derived from configured duration for reference time region of TCI symbols and the configured granularity of GCI symbols by .
Proposal 1:  When configuring the bit width of each CI indicator and the time domain granularity, gNB should avoid the configuration which leads to non-integer partitions in frequency domain.
With respect to the bit width of each CI indicator, a typical value of 14 bits is considered as starting point. The other values such as N (N>1) times of 7 could also be considered to improve indication accuracy, e.g. 21 bits or 28 bits. The gNB can choose an appropriate value based on the accuracy requirement of cancellation indication. For a particular time domain granularity, as long as it meets the condition as discussed above, the possible value such as 1, 2, 3, 7 or 14 symbols could be considered and the gNB configures one of them depends on the requirements. Assuming the bit width is configured as 28bits and the duration of reference time region is configured as 28 symbols, gNB can configure the time domain granularity depends on its specific requirements. For example, if more accurate frequency domain indication is required, gNB configures the time domain granularity as 7 symbols which results into 7 portions in frequency domain as shown in Figure 1 (a). On the other hand, if a more accurate time domain indication is desired, gNB configures a smaller value such as 2 symbols for the time domain granularity as shown in Figure 1(b) which leads to a more precise time domain cancellation. 
Proposal 2: The values such as N (N>1) times of 7 could also be considered for configuration of bit width of each CI indicator.
Proposal 3: The time domain granularity is configured based on its specific requirements, the possible values could be 1, 2, 3, 7, 14 symbols. 



[bookmark: _Ref23842121]Figure 1: Different partition pattern for time domain

The start position of reference time region
It was agreed that the reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation. In our view, if X is equal to the minimum processing time, some issues may occur in TDD case that a reference region may only contains DL symbols as shown in Figure 2. The duration of reference region is configured as 4 symbols and the X is equal to 6 symbols in this example, it is observed that the duration of reference region only includes the DL symbol which is not meaningful for indication. In order to resolve this issue, some companies propose to introduce a X larger than the minimum processing time.


[bookmark: _Ref23953265]Figure 2: A reference region only contains DL symbols
However, if gNB configures a single X value no matter it is larger than or equal to CI processing time which indicates the starting position of RUR after receiving the CI in TDD, the CI may indicate an undesired resource region. Consequently, the single X value configured by RRC leads to the situation that gNB cannot cancel a harmful UL transmission which happens within a larger X or cannot cancel it in the desired RUR. As an example, assume the DL and UL directions are configured as shown in case 1 of Figure 3 and the duration of reference time region is configured as 1 slot. gNB can transmit UL grant on both slot #n and slot #n+1 to schedule URLLC transmission in slot #n+3. In order to support the CI 1 within slot #n to indicate the cancelation in slot #n+3, the X value may be configured as 28 symbols. While the next CI within slot #n+1 following the same offset cannot cancel the potential interfering UL transmission within RUR1. As another example, the DL and UL directions are configured as shown in case 2 of Figure 3 and the duration of reference time region is configured as 1 slot. Assuming the CI 1 in slot #n is applied to slot #n+4 for cancelation indication with a fixed X value equal to 42 symbols. Hence the CI 2 in slot #n+1 will follow the same X value and the corresponding reference time region is determined as slot #n+5 which is a DL only slot. 
Therefore, to define a fixed X value in TDD case may result in an issue that the target cancelation resource is not in the reference region. 


[bookmark: _Ref24009779]Figure 3: the target cancelation resource is not in the reference region

A more desirable solution is the time region starts at the first available uplink symbol from at least X symbols after the ending symbol of the PDCCH carrying CI, where X is at least equal to the minimum processing time for UL cancelation as shown in Figure 4.
Proposal 4: The starting symbol of the reference UL region in time domain is the first available uplink symbol from at least X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL cancelation.


[bookmark: _Ref24010614]Figure 4: The starting symbol of reference time region in TDD case
The duration of reference time region
The duration of reference time region is configured by RRC and some details should also be further determined. Except the proposed possible values such as 2 symbols, 4 symbols, 7 symbols, 1slots, 2slots, other larger values should be considered as well. The reason is there might be a UL dominated UL-DL configuration in TDD case as shown in Figure 5. The gNB may send two grants at slot #n+5 to schedule two URLLC transmissions in slot #n+7 and slot #n+9 respectively. In this case, the CI transmitted in slot #n should be applied to cancelation indication in slot #n+7 and slot #n+9, therefore the corresponding reference time region starts from the first available UL symbol in slot #n+7 and its duration should be configured as 3 slots at least. 
Proposal 5: The possible values for duration of the reference time region should include larger values to handle the TDD case.


[bookmark: _Ref24116732]Figure 5: A larger duration of reference time region
Another issue is in TDD case, the duration of reference time region may cover DL symbols. Similar to DL pre-emption, the DL symbols should be excluded from the reference region since it is not necessary to allocate bits for DL symbols. Furthermore, the practical granularity of reference region is possibly uneven since excluding some DL symbols may result in an indivisible integer, the same scheme to divide time domain resources for DL pre-emption can be reused [2].
Proposal 6: The DL symbols are excluded from the reference time region and to reuse the partition rules of DL pre-emption.

The configuration of reference frequency region
With respect to the reference frequency region configuration, how to configure the reference frequency region is not clear yet. Two methods can be considered:
Option 1: to configure a contiguous frequency resource which are informed as starting position + length of occupied RB. 
Option 2: to support configuration of discrete frequency resource by bitmap indication.  
Compared to Option 1, Option 2 costs larger signaling overhead. In addition, there is not significant benefit to configure a discrete frequency resource as reference frequency region. The URLLC transmission typically occupies larger frequency bandwidth than eMBB transmission and can be put on any RBs within the active BWP,  there is no benefits to support discrete frequency regions using bitmap. 
Proposal 7: The reference frequency region is configured as a contiguous frequency resource which is informed as starting position + length of occupied resource.

The issue for UL cancelation monitoring
Typically, the UL cancelation indication requires high ALs to guarantee URLLC transmission. Considering the mini-slot monitoring periodicity should be supported to cancel the interfering UL transmission as soon as possible, the CI will cost a large number of BDs/CCEs per slot. For example, assuming there are 4 monitoring occasions within a slot as shown in Figure 6 with a CSS consists of 2 AL 4 PDCCH candidates, there are 32 non-overlapping CCEs and 8 BDs used for UL CI.  Given that type 0/0A/1/2 consumes 16 non-overlapping CCEs, there are only 8 non-overlapping CCEs can be used for constructing a USS for eMBB scheduling in case SCS=15 kHz, which is very restricted. 


[bookmark: _Ref24100515]Figure 6: 4 monitoring occasion in one slot
It should be noted that the CI will cost more BDs/CCEs if the monitoring periodicity is smaller and/or the AL is larger. In order to give a clear picture on the restriction for eMBB scheduling introduced by CI monitoring, we give a table showing how many non-overlapping CCEs can be used for eMBB scheduling within a slot under different CI configurations and 15 kHz SCS. 
[bookmark: _Ref24117219]Table 1: The number of non-overlapping CCEs within a slot under different CI configurations and 15 kHz SCS
	The monitoring periodicity for CI
	The number of PDCCH candidates per CSS for CI
	The AL for CI
	The number of non-overlapping CCEs for CI
	The number of non-overlapping CCEs can be used for constructing a USS for eMBB
	Maximum number of counting non-overlapping CCEs

	2 symbols
	1
	4
	28
	12 or 281
	

	2 symbols
	2
	4
	56
	0
	56+16, not possible

	2 symbols
	1
	8
	56
	0
	56+16, not possible

	4 symbols 
	1
	16
	64
	0
	64+16,not possible

	4 symbols
	1
	8
	32
	8 or 241
	

	4 symbols
	2
	4
	32
	8 or 241
	

	7 symbols
	1
	16
	32
	8 or 241
	

	7 symbols
	2
	16
	64
	0
	64+16,not possible

	7 symbols
	2
	8
	32
	8 or 241
	


Note1: depending on whether type0/0A/1/2 is configured in this slot.
It can be seen from the Table 1 that with the small monitoring periodicity, i.e. 2 and 4 symbols, the AL for CI cannot be configured to a larger level such as AL 16. In addition, the number of non-overlapping CCEs used for eMBB is reduced significantly when CI cost more BDs/CCEs which results in the worst case as zero.
In our view, some possible solutions could be considered to handle this issue. One solution is restricting the configured monitoring periodicity to reduce the counting number of BDs/CCEs per slot for CI, i.e., 2 symbols and 4 symbols are excluded from configuration. Its drawback is when the periodicity for URLLC transmissions is configured to a small value such as 2 symbols, the CI cannot to indicate the cancelation resource in time. The second solution is to enhance the UE monitoring capability. However, it is not suitable for a UE only has Rel-15 capability. The third solution is to define a monitoring window as proposed in [4]. 
Proposal 8: To alleviate the problem that UL CI costs large number of non-overlapping CCEs per slot, the following solutions should be considered:
· Option 1: The possible configurable value of monitoring periodicity should not be small, e.g. 2 symbols and 4 symbols periodicities are not supported.
· Option 2: To increase the UE monitoring capability. 
· Option 3: To define monitoring window for CI. 

Conclusion
This contribution investigated the benefits and drawbacks of inter-UE multiplexing mechanisms. We have the following proposals:
Proposal 1:  When configuring the bit width of each CI indicator and the time domain granularity, gNB should avoid the configuration which leads to non-integer partitions in frequency domain.
Proposal 2: The values such as N (N>1) times of 7 could also be considered for configuration of bit width of each CI indicator.
Proposal 3: The time domain granularity is configured based on its specific requirements, the possible values could be 1, 2, 3, 7, 14 symbols. 
Proposal 4: The starting symbol of the reference UL region in time domain is the first available uplink symbol from at least X symbols after the ending symbol of the PDCCH carrying the UL CI, where X is the minimum processing time for UL cancelation.
Proposal 5: The possible values for duration of the reference time region should include larger values to handle the TDD case.
Proposal 6: The DL symbols are excluded from the reference time region and to reuse the partition rules of DL pre-emption.
[bookmark: _GoBack]Proposal 7: The reference frequency region is configured as a contiguous frequency resource which is informed as starting position + length of occupied resource.
Proposal 8: To alleviate the problem that UL CI costs large number of non-overlapping CCEs per slot, the following solutions should be considered:
· Option 1: The possible configurable value of monitoring periodicity should not be small, e.g. 2 symbols and 4 symbols periodicities are not supported.
· Option 2: To increase the UE monitoring capability. 
· Option 3: To define monitoring window for CI. 
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