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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #95 meeting, there were discussions on multiple resource configurations of UL configured grant for URLLC and following agreements were made. In this contribution, we discuss about the details of multiple resource configuration, including activation/deactivation for multiple resource configurations, construction of repetitions aiming at ensuring K repetitions, HARQ process ID determination. Besides, whether and how to resolve gNB’s missed detection are also to be discussed in this paper.
	RAN1 #95
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details

· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered




2. [bookmark: OLE_LINK6]Discussion on multiple resource configuation
2.1. Configuration of multiple resource configuration 
In RAN#95, multiple active configured grant configurations for a BWP is agreed for the purpose of support different services or enhancing reliability and reducing latency. For different resource configurations, different starting offsets to enable flexible starting position can be applied. In addition to that, different resources or parameters to adapt to different services, or different TBS can also be allocated for different configurations. At least the following parameters for a resource configuration can be configured separately.
· Time resource allocation
· Frequency resource allocation
· MCS table and/or MCS level
· Periodicity
· DMRS configuration/sequence
· RV sequence
· Power control parameters
Another issue is that gNB needs to detect the resource configuration on which UE is using to transmit the data if multiple resource configurations are enabled for a UE. Following methods can be adopted.
· Option 1: DMRS based method
· Option 2: UCI based method
For option 1, Different DMRS parameters/sequences are configured for different resource configurations, i.e. each configuration is associated with an individual DMRS sequence or parameter.
For option 2, each transmission includes a UCI carrying information of actual transmitted resource configuration. Note that UCI transmission for UL configured grant is supported for NR-U. Similar to NR-U, HARQ ID can be determined and selected by UE and be transmitted via control information, e.g. UCI, which is separately encoded from data. Therefore, gNB can decode the UCI and acquire HARQ ID before decode the data part.
Due to flexible starting occasion, it may be difficult for gNB to identify the initial transmission of K repetitions. Especially when part of the K repetitions could be missed at gNB side, gNB may not be aware that which repetitions need to be combined. Therefore, indication of initial transmission and repetitions could be useful. NDI is used to differentiate initial transmission and retransmission for dynamic grant. Similarly, NDI can be used for grant-free transmission and indicated via UCI such that gNB can identify the initial transmission of K repetitions from UCI.
UE can be configured with RV sequences for K repetitions. In Rel. 15, RV is associated with the transmission occasions within period. Thus, gNB can identify RV from the transmission occasion where UL data are transmitted. As discussed above, flexible starting occasion is needed for URLLC. Therefore, it is not necessary to associate RV sequences with transmission occasion any more. There may be issue that gNB may need to blindly detect the UL data if RV information is not acquired at gNB. To reduce the detection complexity, RV can be indicated by UCI. 
For UCI on grant-free transmission, either puncturing or rate-matching can be used for UCI mapping on PUSCH. Considering the payload of UCI, rate-matching with PUSCH is preferred. When K repetitions are adopted, UCI needs to be mapped to each repetition. Since gNB needs to combine the K repetitions, the code rate of K repetitions should be kept the same. 
Proposal 1: Regarding multiple resource configurations, following options can be adopted.
· Option 1: Different DMRS parameters/sequences are configured for different resource configurations 
· Option 2: UCI carrying information of UE selected resource configuration is transmitted with data. 
· UCI including HARQ ID is transmitted together with data.
· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.
· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
· UCI is multiplexed onto each repetition.

2.2. Maximum configurable number of resource configurations
As discussed in the previous meetings, multiple resource configurations can be configured with different starting offsets to enable flexible starting position for URLLC traffic, i.e. ensuring K repetitions. Since the number of repetitions are configurable by network, the number of resource configurations of UL configured grant needs to be also configurable. To be specific, the total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC. 
Proposal 2: The total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC.

2.3. Repetitions with multiple resource configurations
In Rel.15 configured grant, a UE transmits a TB with repetitions with the resources of a resource configuration. It is simple while the starting position or ending position of repetitions need to be restricted to differentiate initial transmission and repetitions at gNB side. This leads to either large latency or lower reliability for repetitions of a TB. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]With multiple resource configurations, it is possible to differentiate initial transmission and repetitions without sacrificing latency or reliability. More specifically, K repetitions are ensured by using multiple resource configurations, where different resource configurations are configured with different starting offsets, as described in Figure 1. For example, UE starts an initial transmission at the first transmission occasion of a resource configuration and K repetitions are ensured within a period P, where the resource configuration with shortest latency is selected, according to the packet arrival timing. For repetitions with multiple resource configurations, repetitions of a TB are transmitted with a resource configuration. Besides, HARQ ID determination based on Rel.15 configured grant can be reused. 
[image: ]
[bookmark: _Ref525633137][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1: Example of repetitions with multiple resource configurations 

Proposal 3: For repetitions with multiple resource configurations, 
· Multiple resource configurations with different starting offsets can be configured to enable flexible starting time and ensure K repetitions
· Repetitions of a TB are transmitted with a resource configuration

2.4. Activation/deactivation for multiple resource configurations
For type 1 UL configured grant, all the transmission parameters of a resource configuration are configured by RRC. Therefore, when multiple type 1 configurations are enabled, each resource configuration is configured by RRC. Thus, there is no new behavior for UE to support multiple type 1 configurations.
Regarding type 2 UL configured grant, UE activates/deactivates the type 2 UL configured grant when receiving the activation/deactivation DCI. When multiple type2 UL configured grant are enabled, it is straightforward that each type 2 UL configured grant configuration is activated/deactivated by a separate activation/deactivation DCI. However, it may cause increased latency and increased signaling overhead especially when multiple resource configurations are applied for reducing latency. In this case, multiple resource configurations may share most the same transmission parameters but have different starting offsets. Therefore, a DCI activating/deactivating one or multiple type 2 resource configurations can be adopted to reduce the signaling overhead. To be specific, an activation/deactivation field indicating the activated/deactivated configurations can be included in the activation/deactivation DCI, e.g. using the existing fields or new introduced field. An example is shown in the table. Each type 2 UL configured grant configurations are configured with a ID by RRC. The mapping between activation/deactivation state field and activated/deactivated ID(s) is configured by RRC.
If a DCI activating multiple type 2 configured grant configuration can be supported, further discussion is needed on how to indicate the scheduling information, e.g. time/frequency resource or MCS, for different resource configuration.
Table 1: Mapping between activation/deactivation field in DCI and corresponding configurations
	Codepoint
	Activation/deactivation configurations

	0
	UL configured grant configuration ID0

	1
	UL configured grant configuration ID1

	2
	UL configured grant configuration ID2

	3
	UL configured grant configuration ID3

	4
	Set of UL configured grant configuration ID={0,1,2,3}

	…
	…



Proposal 4: For a UE configured with multiple type 2 UL configured grant configurations, a DCI activating/deactivating one or multiple resource configuration can be supported.
· Details are FFS

2.5. HARQ process ID determination
In Rel.15 configured grant, number of HARQ processes is configured by RRC and HARQ ID is determined by the timing of transmission occasion. With multiple resource configurations, HARQ process ID determination could be different. There are following options to determine HARQ ID for UL configured grant.
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 2: HARQ ID determination is dependent on timing of the actual initial transmission
· Opt. 3: HARQ ID determination is independent on timing of the transmission or transmission occasion
For option 1, it is almost Rel.15 behavior for HARQ ID determination. Very limited modification may be needed for HARQ ID determination in case of multiple resource configuration. To be more specific, HARQ process pool is separated for different resource configurations. A number of HARQ process can be allocated to a resource configuration, while different resource configurations may have different HARQ processes pool. HARQ ID of a transmission with a certain resource configuration can be determined by the timing of transmission occasion, i.e. similar to Rel.15 configured grant.
For option 2, HARQ ID is determined based on the actual transmission timing of an initial transmission. Since flexible starting position could be adopted, there will be more flexibility if HARQ ID is determined by initial transmission timing. However, initial transmission should be reliably identified by gNB, using distinguishable information e.g. DMRS or UCI.
For option 3, HARQ ID is no longer dependent on the timing of transmission occasion or actual transmission, that is, HARQ ID is selected by UE. Therefore, HARQ ID determination is flexible such that UE can select any available HARQ process for a UL configured grant transmission unless all of HARQ processes are occupied. In this case, HARQ ID needs to be reported by UE by UCI transmitted with data.
Proposal 5: For HARQ process ID determination, following options can be adopted
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 2: HARQ ID determination is dependent on timing of the actual initial transmission
· Opt. 3: HARQ ID determination is independent on timing of the transmission or transmission occasion

3. PUSCH repetitions within a slot for configured grant 
In Rel-15, PUSCH repetitions across multiple slots are specified, which is beneficial for cell-edge or power-limited UEs. Considering stringent latency constraint, non-slot based PUSCH transmission maybe baseline. Non-slot based PUSCH transmission within a slot can provide multiple opportunities in one slot which can reduce the latency. From the reliability perspective, PUSCH repetition can improve the reliability. PUSCH repetition across multiple mini slots can be supported for URLLC service. To ensure the reliability and latency requirements, mini-slot PUSCH repetitions within a slot or across slots should be supported. Details of mini-slot PUSCH repetitions refer to our companion contribution [2].
Proposal 6: For non-slot based transmission, repetition transmissions within/across slot(s) should be supported for latency reduction.

4. Analysis on missed detection issue
For a UE with UL configured grant transmission, the UE can be configured with UE-specific DMRS and/or time and frequency resource. UE transmits UL data using the configured resource and gNB performs UE identification by detection of DMRS. 
There is possibility that gNB may fail to detect the DMRS such that the UE cannot be identified at gNB, which is called missed detection. For URLLC service, the detection performance should be reliable enough to meet the reliability requirement of URLLC, e.g. the missed detection probability should be lower than 10-5. 
The detection performance is related to the detection threshold, which is determined according to false alarm target set by gNB. Besides, the detection performance is also dependent on the transmission bandwidth, the sequence length for UE detection and the orthogonality of sequence. 
In this section, we simulated the detection performance of DMRS detection for URLLC use case. The simulation assumptions are shown in the appendix.  In the simulation, Type 1 DMRS configuration is adopted. For a DMRS, 1 symbol duration is assumed. The number of DMRS symbols are set as 1 or 2. In case of 1 symbol DMRS, it can be assumed that front-loaded DMRS is used. In case of 2 symbols DMRS, one option is that 2 repetitions are adopted for PUSCH, where each PUSCH includes 1 symbol DMRS. Another option is that 1-symbol additional DMRS is adopted besides the front-loaded DMRS. The allocated bandwidth is set to 12 PRBs or 32 PRBs with SCS=30kHz. The false alarm target is assumed as 1%. For URLLC case, the 5%-tile SINR is given as follow.
Table 1:  The required SINR[dB] for 5% geometry in system level simulation
	Frequency
	5th% SINR[dB]

	4GHz
	-2.09



Figure 2 and Figure 3 show the missed detection probability based on 1 symbol DMRS with 12 PRBs. From the results, we can see that the SNR points with 10^-5 missed detection probability are about -2 dB and -4 dB, for 1-symbol DMRS and 2-symbol DMRS, respectively. Comparing to the 5%-tile SINR operating point for URLLC case, it can be seen that the missed detection probability is reliable enough, i.e. no greater than 10^-5, even with 1 symbol DMRS with 12 PRBs. It should be noted that missed detection probability is lower when 2-symbol DMRS is adopted than that with 1-symbol DMRS. Thus, repetition transmissions can beneficial for reducing missed detection probability.
Figure 4 and Figure 5 show the missed detection probability based on 1 symbol DMRS with 32 PRBs. From the results, it can be observed that the SNR meeting 10^-5 missed detection probability is much lower than the 5%-tile SINR for URLLC. This is because longer DMRS sequence is adopted with larger bandwidth. Note that for URLLC, 32 PRBs are used for transmission of 32 Bytes with MCS 0 with SCS=30kHz. Therefore, the detection performance based on orthogonal DMRS port/sequence is sufficiently reliable for URLLC. 
	[image: ]
	[image: ]

	[bookmark: _Ref534982625][bookmark: _Hlk534982612]Figure 2: Missed detection probability with 1 symbol DMRS and 12 PRBs 
	[bookmark: _Ref534982655]Figure 3: Missed detection probability with 2 symbols DMRS and 12 PRBs
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	[bookmark: _Ref534982658]Figure 4: Missed detection probability with 1 symbol DMRS and 32 PRBs 
	[bookmark: _Ref534982659]Figure 5: Missed detection probability with 2 symbols DMRS and 32 PRBs



Observation 1: 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK3]With 12 PRBs, the missed detection probability based on 1-symbol DMRS is about 10^-5 at the given 5%-tile SINR operating point of URLLC.
· With 32 PRBs, the missed detection probability based on 1-symbol DMRS is much lower than 10^-5 at the given 5%-tile SINR operating point of URLLC.
· With 2-symbol DMRS, missed detection performance is better than that with 1-symbol DMRS. 
Observation 2: The detection performance based on 1-symbol or 2-symbol DMRS is sufficiently reliable for URLLC.

If missed detection occurs at gNB, gNB would do nothing but treat that no UEs are transmitting data. In Rel.15, a UE transmitted data but not received feedback from gNB would regard its transmission as successful. There may be issue when missed detection happens, i.e. UE assumes it is an ACK but actually its transmission is missed at gNB. In this case, higher layer retransmission is needed. For URLLC case, there is similar issue when missed detection happens. It was proposed that the missed detection issue needs to be handled by introducing explicit ACK and changing UE behaviour for UL configured grant. E.g. UE would assume NACK when missed detection happens at gNB because no explicit ACK would be transmitted from gNB. 
However, from the simulation results, we observe that the missed detection probability for URLLC is lower than 10-5 at URLLC operating SINR point. Therefore, introducing explicit ACK to handle missed detection issue could be over optimized. Besides, it is quite straightforward to improve detection performance to handle missed detection if there is issue on detection, while the application of explicit ACK/NACK is not helping to improve detection performance. One simple solution is to adopt more DMRS symbols or adopt repetition transmission to achieve lower missed detection probability. 
Proposal 7: If necessity is identified, more DMRS symbols or repetition transmission are adopted for UL configured grant transmission to enhance the detection performance.

5. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on enhancements of UL grant-free transmission to meet the latency and reliability requirements of URLLC. The observations and proposals are summarized below.
[bookmark: _GoBack]Observation 1: 
· With 12 PRBs, the missed detection probability based on 1-symbol DMRS is about 10^-5 at the given 5%-tile SINR operating point of URLLC.
· With 32 PRBs, the missed detection probability based on 1-symbol DMRS is much lower than 10^-5 at the given 5%-tile SINR operating point of URLLC.
· With 2-symbol DMRS, missed detection performance is better than that with 1-symbol DMRS. 
Observation 2: The detection performance based on 1-symbol or 2-symbol DMRS is sufficiently reliable for URLLC.

Proposal 1: Regarding multiple resource configurations, following options can be adopted.
· Option 1: Different DMRS parameters/sequences are configured for different resource configurations 
· Option 2: UCI carrying information of UE selected resource configuration is transmitted with data. 
· UCI including HARQ ID is transmitted together with data.
· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.
· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
· UCI is multiplexed onto each repetition.
Proposal 2: The total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC.
Proposal 3: For repetitions with multiple resource configurations, 
· Multiple resource configurations with different starting offsets can be configured to enable flexible starting time and ensure K repetitions
· Repetitions of a TB are transmitted with a resource configuration
Proposal 4: For a UE configured with multiple type 2 UL configured grant configurations, a DCI activating/deactivating one or multiple resource configuration can be supported.
· Details are FFS
Proposal 5: For HARQ process ID determination, following options can be adopted
· Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
· Opt. 2: HARQ ID determination is dependent on timing of the actual initial transmission
· Opt. 3: HARQ ID determination is independent on timing of the transmission or transmission occasion
Proposal 6: For non-slot based transmission, repetition transmissions within/across slot(s) should be supported for latency reduction.
Proposal 7: If necessity is identified, more DMRS symbols or repetition transmission are adopted for UL configured grant transmission to enhance the detection performance.
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Appendix

Table A-1: Simulation assumptions of missed-detection simulation
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h


	BS antenna configuration
	4 Rx antenna ports 

	UE antenna configuration
	1 Tx

	Allocated bandwidth
	12 PRBs and 32 PRBs

	DMRS configuration
	Type 1 configuration
1 symbol for each DMRS
Number of DMRS: 1/2

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Residual target BLER 
	10^-5

	False alarm target 
	1% 
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