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Introduction
This contribution discusses remaining issues on grant-free UL transmission including resource allocation, activation and deactivation signaling for type 2 grant-free UL transmission and UCI piggyback on PUSCH. Given the similarity in signaling design we also discuss activation and deactivation of semi-persistent scheduling DL transmission.
Discussion
Resource allocation for K repetition
In UL grant-free transmission, so far only resource configuration of single transmission has been specified, while it is still open for K>1 case. For K repetitions, there are two options to define K transmission occasions within a period, the first one is contiguous resource assignment, which means no interval between two neighboring transmission occasions, and the second one is using non-contiguous resource assignment with an interval for two adjacent transmission occasions. Generally, the first option is simpler and no additional signaling needed. For second option, its advantage is to allow gNB to stop the repetition early if preceding transmissions have been detected successfully. However, if defining an interval, then one new RRC parameter is needed.  Since it is hard to justify the clear benefit from the option 2, therefore, the first one, contiguous resource allocation, should be adopted for UL grant-free transmission.
Another issue is how to handle the TDD UL/DL assignment when K>1. In case of semi-static UL/DL configuration, available UL slots are pre-determined for UE and gNB, then K consecutive UL slots can be assigned for grant-free transmission, or K consecutive slots with sufficient UL symbols can be assigned as repetition resource. Naturally, K transmission occasions may span more than one DL/UL assignment period if there hasn’t K slots within one DL/UL assignment period. If non-slot based scheduling is applied, K consecutive resource units can be assigned as one resource bundle, where each resource unit is associated with a transmission occasion. Similarly, it possibly spans more than one slot if there hasn’t sufficient UL symbols within one subframe. This solution is to provide the reliability without dropping remaining repetitions.  One related question is how to treat unknown symbols. Considering unknown symbols can be used to UL transmission with UE specific way, it expects unknown symbols can be assigned for grant-free transmission. Obviously, this configuration can reduce the latency significantly due to not postponing to next available resource. 
Dynamic SFI is also one issue which will impact the resource allocation. When semi-static resource has been configured from RRC signaling, it means the resource for K repetition are pre-reserved for one UE. If dynamic SFI changes configured assigned resource, UE needs to do proper action. In this case different RV sequences need different processing way. When RV sequence {0, 2, 3, 1} is used, the initial transmission is always RV0 and always located in the first transmission occasion. If the initial transmission is blocked by dynamic SFI, then entire transmission should be dropped. For other transmission occasions, it can be dropped or delayed, since doesn’t impact performance too much. In case of RV sequence {0,0,0,0} and {0,3,0,3}, postponing the initial transmission to next valid transmission occasion should be supported, since gNB doesn’t expect initial transmission always starts in fixed location. In this context, only RV {0, 2, 3, 1} needs special consideration for dynamic SFI.
Proposal 1: The resource assignment of K repetitions of UL grant-free transmission is defined as follows. 
1. If the UE receives the semi-static UL-DL configuration, the resource assignment of K repetitions comprises K consecutive valid UL transmission occasions within resource period P, where one UL occasion is valid if the starting symbol and number of symbols indicated by the TWG configuration are indicated as UL by the UL-DL configuration. If one UL/DL configuration period comprises less than K valid transmission occasions, the K transmission occasions shall span more than one UL/DL configuration period, but it should end within the resource period indicated in the TWG configuration. 
1. If the UE does not receive with semi-static UL-DL configuration, the resource assignment of K repetitions comprises K consecutive UL transmission occasions with starting symbol and number of symbols indicated by the TWG configuration

Proposal 2: When dynamic SFI overrides first transmission occasion of one period in case of RV sequence {0, 2, 3, 1}, UE is not expected to send grant-free based PUSCH in this period.
Activation/deactivation
In Type 2 grant-free UL transmission or DL semi-persistent scheduling (SPS) transmission, a UE is configured to monitor for PDCCH indicating a scheduling assignment and/or activation/deactivation. The UE validates an activation/deactivation by verifying that the following conditions are met: the CRC parity bits obtained for the PDCCH payload are scrambled with the CS-RNTI; the NDI (new data indicator) field is set to '0'. Compared to a DCI scheduling normal PUSCH or PDSCH, if a UE erroneously determines that an activation PDCCH was received it could cause significant disruption to network performance. For example, if a UE erroneously detects Type2 activation, the UE transmits in slots scheduled for some other UE causing intra-cell interference. Similarly, if a UE erroneously missed Type2 deactivation, the UE continually transmits in slots scheduled for some other UE causing intra-cell interference. To mitigate the likelihood of a false alarm or a miss detection in LTE, certain fields of an UL or DL DCI format were set to known values to validate an activation/deactivation. This same robust mechanism was agreed for NR at RAN1 #91[1] :
Agreements:
Activation and deactivation signaling for Type 2 UL transmission without UL grant/DL SPS is differentiated by different values of two fields in the DCI.
· FFS details.
As a comparison we provide the activation and deactivation release fields used in LTE DL and UL SPS from TS 36.213.

LTE: Special fields for Semi-Persistent Scheduling Activation PDCCH Validation
	
	DCI format 0
	DCI format 1/1A
	DCI format 2/2A/2B/2C

	TPC command for scheduled PUSCH
	set to ‘00’
	N/A
	N/A

	Cyclic shift DM RS
	set to ‘000’
	N/A
	N/A

	Modulation and coding scheme and redundancy version
	MSB is set to ‘0’
	N/A
	N/A

	HARQ process number
	N/A
	FDD: set to ‘000’
TDD: set to ‘0000’
	FDD: set to ‘000’
TDD: set to ‘0000’

	Modulation and coding scheme
	N/A
	MSB is set to ‘0’
	For the enabled transport block:
MSB is set to ‘0’

	Redundancy version
	N/A
	set to ‘00’
	For the enabled transport block:
set to ‘00’



LTE: Special fields for Semi-Persistent Scheduling Release PDCCH Validation
	
	DCI format 0
	DCI format 1A

	TPC command for scheduled PUSCH
	set to ‘00’

	N/A

	Cyclic shift DM RS
	set to ‘000’

	N/A

	Modulation and coding scheme and redundancy version
	set to ‘11111’
	N/A

	Resource block assignment and hopping resource allocation
	Set to all ‘1’s
	N/A

	HARQ process number
	N/A
	FDD: set to ‘000’
 TDD: set to ‘0000’

	Modulation and coding scheme
	N/A
	set to ‘11111’

	Redundancy version
	N/A
	set to ‘00’

	Resource block assignment
	N/A
	Set to all ‘1’s



In NR, if DCI format 0_0 is used for activation signaling in Type 2 grant-free UL transmission, the following fields could be used possibly to validate reception of activation signaling:
· Redundancy version field, 2 bits
· HARQ process number field, 4 bits
· TPC command field, 2 bits
· MSB of modulation and coding scheme field, 1 bit.
There is not UE-specific DMRS configuration field in the DCI format 0_0, which is needed for multiple UE share the configured resources. A simple solution is to change part of bits in the above 4 fields to DMRS configuration field. For example in the following table, use both HARQ process number field and Redundancy version field (total 6 bits like that of LTE) to validate activation and use both TPC command field and MSB of modulation and coding scheme field to indicate UE-specific DMRS configuration. The gain is the reduction of payload size.
Special fields in DCI format 0_0
	
	DCI format 0_0

	TPC command for scheduled PUSCH
	2 bits, to indicate UE-specific DMRS configuration

	HARQ process number
	4 bits, to validate the activation

	Modulation and coding scheme
	1 bit MSB, to indicate UE-specific DMRS configuration

	Redundancy version
	2 bits, to validate the activation



In NR, if DCI format 0_1 is used for activation signaling in Type 2 grant-free UL transmission, the following fields could be used possibly to validate reception of activation signaling:
· Redundancy version field, 2 bits
· HARQ process number field, 4 bits
· TPC command field, 2 bits
· MSB of modulation and coding scheme field, 1 bit
· 1st DAI field, 1~2 bits.
Multiple layer transmission would be supported in Type 2 grant-free UL transmission. From this perspective, DCI format 0_1 as activation signaling of Type 2 grant-free UL transmission should be supported.
In NR, if DCI format 0_0 is used for deactivation signaling in Type 2 grant-free UL transmission, the following fields could be used possibly to validate reception of deactivation signaling:
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme, 5 bits
· Redundancy version, 2 bits
· HARQ process number, 4 bits
· TPC command for scheduled PUSCH, 2 bits
· Frequency hopping flag, 1 bits
When either DCI format 0_0 or DCI format 0_1 is used for activation signalling in Type 2 grant-free UL transmission, DCI format 0_0 used for deactivation signaling seems proper.
In NR, if DCI format 1_0 is used for activation signaling in DL SPS transmission, the following fields could be used possibly to validate reception of activation signaling:
· Redundancy version field, 2 bits
· HARQ process number field, 4 bits
· MSB of modulation and coding scheme field, 1 bit
For the purpose of lower overhead, DCI format 1_0 could be used for activation signaling in DL SPS transmission
In NR, if DCI format 1_1 is used for activation signaling in DL SPS transmission, the following fields could be used possibly to validate reception of activation signaling:
· HARQ process number field, 4 bits
· Redundancy version field, 2 bits per enabled TB
· MSB of modulation and coding scheme field, 1bit per enabled TB
For the purpose of supporting multiple layer transmission, DCI format 1_0 should be used for activation signaling in DL SPS transmission
In NR, if DCI format 1_0 is used for deactivation signaling in DL SPS transmission, the following fields could be used possibly to validate reception of deactivation signaling:
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme, 5 bits
· Redundancy version, 2 bits
· HARQ process number, 4 bits
When either DCI format 1_0 or DCI format 1_1 is used for activation signalling in DL SPS transmission, DCI format 1_0 could be used for deactivation signaling.
[bookmark: _GoBack]Based on the above analysis and the above mentioned agreements, Table 1 and Table 2 show respectively the special fields that could be used to validate a PDCCH for activation and deactivation of a Type2 grant-free UL transmission and DL SPS transmission. 
Table 1: Special fields for SPS DL/ Type2 UL Activation PDCCH Validation
	
	DCI format 0_0
	DCI format 0_1
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to '0000'
	set to '0000'
	set to '0000'
	set to '0000'

	Modulation and coding scheme
	N/A
	MSB is set to '0'
	MSB is set to '0'
	For the enabled transport block:
MSB is set to '0'

	Redundancy version
	set to '00'
	set to '00'
	set to '00'
	For the enabled transport block:
set to '00'



Table 2: Special fields for SPS DL/ Type2 UL Deactivation PDCCH Validation
	
	DCI format 0_0
	DCI format 1_0   

	HARQ process number
	set to '0000'
	set to '0000'

	Modulation and coding scheme
	set to '11111'
	set to '11111'

	Redundancy version

	set to '00'
	set to '00'

	Frequency resource assignment
	Set to all '1's
	Set to all '1's




Proposal 3: Adopt table 1 and table 2 as special fields to validate a PDCCH for activation or deactivation of a type2 grant-free UL transmission or DL SPS transmission. 

UCI piggyback on UL grant-free transmission  

In the RAN1 #18AH01 [2], there was one agreement related to UL UCI multiplexing with grant-free based PUSCH:
Agreement: 
· UCI on PUSCH for configured grant is supported.
· Dropping/multiplexing rules for UCI to be further discussed.
Hence, we need to discuss how to support UCI piggybacking on UL grant-free transmission. Since a primary use case of grant-free UL transmission is for URLLC, multiplexing UL-SCH data with UCI on the PUSCH will degrade the performance to a certain degree. Therefore, such multiplexing should be treated on a case-by-case basis. For HARQ-ACK information, it is important and delay sensitive, so it is better to support multiplexing with grant-free based PUSCH. For CSI, if it is periodic CSI, dropping it doesn’t cause big harm to the system given that in any case URLLC data arrives sporadically. In contrast, aperiodic CSI is more important as it is dynamically requested by the gNB.  Another factor is UCI payload. If the grant-free resource allocation is small while the UCI payload is considerably large, multiplexing UCI with URLLC data only schedules one small bandwidth, but UCI owns a big payload, multiplexing transmission may significantly degrade data performance. Nevertheless, since grant-free transmission is often configured more than one repetition in case of reliability sensitive case, the degradation of a single transmission may not cause severe impact to overall performance. Considering all possible cases, it is hard to use one simple rule to balance UCI and grant-free based PUSCH. Therefore, only UCI priority can be considered to reduce standardization efforts. More specifically, HARQ-ACK and aperiodic CSI can be multiplexed with grant-free transmission, and drop periodic CSI.

Proposal 4: When HARQ-ACK and aperiodic CSI are collided with grant-free based PUSCH, multiplexing transmission is used. When periodic CSI is collided with grant-free based PUSCH, drop CSI.  
Conclusion
In this contribution, we discussed remaining issues on grant-free UL transmission with the following proposals:
Proposal 1: The resource assignment of K repetitions of UL grant-free transmission is defined as follows. 
1. If the UE receives the semi-static UL-DL configuration, the resource assignment of K repetitions comprises K consecutive valid UL transmission occasions within resource period P, where one UL occasion is valid if the starting symbol and number of symbols indicated by the TWG configuration are indicated as UL by the UL-DL configuration. If one UL/DL configuration period comprises less than K valid transmission occasions, the K transmission occasions shall span more than one UL/DL configuration period, but it should end within the resource period indicated in the TWG configuration. 
1. If the UE does not receive with semi-static UL-DL configuration, the resource assignment of K repetitions comprises K consecutive UL transmission occasions with starting symbol and number of symbols indicated by the TWG configuration
Proposal 2: When dynamic SFI overrides first transmission occasion of one period in case of RV sequence {0, 2, 3, 1}, UE is not expected to send grant-free based PUSCH in this period.
Proposal 3: Adopt table 1 and table 2 as special fields to validate a PDCCH for activation or deactivation of a type2 grant-free UL transmission or DL SPS transmission. 
Table 1: Special fields for SPS DL/ Type2 UL Activation PDCCH Validation
	
	DCI format 0_0
	DCI format 0_1
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to '0000'
	set to '0000'
	set to '0000'
	set to '0000'

	Modulation and coding scheme
	N/A
	MSB is set to '0'
	MSB is set to '0'
	For the enabled transport block:
MSB is set to '0'

	Redundancy version
	set to '00'
	set to '00'
	set to '00'
	For the enabled transport block:
set to '00'



Table 2: Special fields for SPS DL/ Type2 UL Deactivation PDCCH Validation
	
	DCI format 0_0
	DCI format 1_0   

	HARQ process number
	set to '0000'
	set to '0000'

	Modulation and coding scheme
	set to '11111'
	set to '11111'

	Redundancy version

	set to '00'
	set to '00'

	Frequency resource assignment
	Set to all '1's
	Set to all '1's



Proposal 4: When HARQ-ACK and aperiodic CSI are collided with grant-free based PUSCH, multiplexing transmission is used. When periodic CSI is collided with grant-free based PUSCH, drop CSI. 
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