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Introduction
This contribution discusses remaining issues on grant-free UL transmission including HARQ operation and activation and deactivation signaling for Type 2 grant-free UL transmission. Given the similarity we also discuss activation and deactivation of semi-persistent scheduling DL transmission.
Discussion
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:
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.
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 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



HARQ process
For the HARQ process determination, the following was agreed at RAN2#100:
Agreements:
· As in LTE, the pool of HARQ processes are shared between dynamic and configured grants.
The HARQ process number is indicated by the higher layer (RRC) parameter UL-TWG-numbHARQproc and takes values in the range INTEGER(1,2,3, …, M), FFS M.
From the RAN2 agreement it should be clear that M cannot be larger than the maximum number of HARQ processes when only grant-based UL transmission is present.  Therefore, the value of M is upper bounded by the maximum number of HARQ processes which is 16.
For the HARQ feedback, if gNB has identified a UE in the grant-free UL transmission but failed in data detection, the gNB may provide a UL grant to the UE to schedule a retransmission; else UE would not receive any feedback from gNB. There is a timer in UE. When the timer expired, UE would assume the data transmitted successfully and flush its corresponding data buffer. The setting of UE timer should be included in the UE-specific RRC configuration.
Conclusion
In this contribution, we discussed remaining issues on grant-free UL transmission with the following proposals:
Table 1 and Table 2 show respectively the special fields that could be used 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
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