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1 1.
Introduction
In the RAN1#88 WG meetings [1], UL URLLC grant free transmission in NR design were discussed. In this contribution, we discuss UL grant free resource (re)configuration aspects, taking into account realistic traffic with different packet size over time, packet size has impacts on required resource block (RB) size and consequently affects reliability and latency performance in URLLC. 
Agreements:
	RAN1#88
Agreements:
· For UL transmission without grant,

· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly

· Reference signal parameters

· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE

· FFS other parameters

· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB

· The number of repetitions for the TB reaches K



Also in RAN2 #97 the following was agreed ‎[2]
	RAN2#97
· NR supports an SPS scheme similar to LTE 
· NR supports “skipping UL grant” scheme similar to LTE


For resource configuration of URLLC uplink without grant, similar concept of semi-persistent-scheduling (SPS) in LTE can be adopted here. However, the design principle of SPS is to transmit fixed packed with periodic traffic pattern such as VoIP. On the contrary, traffic arrival time of URLLC cannot foresee due to sporadic traffic nature. Moreover, the actual packet size is use-case-dependent and may change over time. In this case, single transmission pattern preconfigured for an URLLC UE cannot reflect the actual need in realistic scenario. URLLC service has rigid requirement on latency and reliability, each of one highly depends on available resource blocks given in each transmission. Conservative resource pre-configuration could accommodate wider range of traffic type at the cost of spectrum efficiency. Aggressive resource utilization could downgrade the reliability as a consequence of resource starvation, and so does latency budget due to more repetitions necessary. In order to handle these effects, more adaptable solutions should be considered to optimize system performance.

In this contribution, we mainly focus on resource (re)configuration for uplink grant free transmission, propose several options to adjust transmission pattern format and consider potential issues and solutions to provide efficient uplink transmission using appropriate RB size to fulfill different latency and reliability requirement. In addition, a hybrid approach using SPS-like configuration scheme without L1 activation is proposed to accommodate realistic URLLC uplink traffics with various arrival time and packet size.
2 
Adjustable Uplink Grant Free Resource Configuration
In general, for URLLC application, pre-configured resource is inevitable due to non-anticipatable packet arrival time. The main open issue is how to address the issues of reliability and low latency albeit the pre-provided transmission pattern, including RB size for each transmission, time/frequency resource location, MCS, repetition length is not feasible.   
There are two possible pre-configuration mechanisms from UE’s perspective: single pattern configuration and pattern pool configuration. In the second mechanism, UE can choose one of the patterns from the pattern pool based on its need, the pattern pool can be categorized to sub-pools based on different pattern types. 

Observation 1: URLLC design need to take into account different packet size over time, packet size has impacts on required resource block (RB) size and consequently affects reliability and latency performance.
2.1 Single Pattern Pre-configuration
The assignment of default single pattern for each UE can be preconfigured via semi-static control such as UE dedicated RRC signaling, or based on the mapping between UE-ID and associated pattern index. In general, UE should follow the assigned pattern to transmit on the allocated time/frequency resource. However, the default pattern may not always match the upcoming traffic type, i.e., packet size or latency constraint. In this case, a mechanism to adjust existing transmission pattern need to be discussed.

There are three possibilities to realize pattern modification over the default one.

· Scheme 1: UE-initiated pattern update 
Upon uplink traffic arrives, if the packet size is too large to fit in the default pattern, UE may transmit pattern update request signal (BSR-like information and/or latency limitation) to gNB for pattern modification. The request signal can be embedded in RS/preamble or carry on a new created uplink control channel along with the first or also the following transmissions. In response to pattern update request, gNB may send a pattern update indication signal to reconfigure transmission pattern to ensure suitable RB size and/or adequate repetition number (K). The response signal can be multiplexed in NACK/ACK feedback signal during repetitive trials of current TB or indicated in DCI for next TB transmission. 
· Scheme 2: Implicit pattern update

With a mutual understanding of pattern update rule between UE and gNB, the pattern update trend and up-to-date status can be implicitly determined at both UE and gNB. The possible update trend could rely on the occurrence rate of NACK feedback or accumulated results during TB transmission. The RB size, MCS or repetition number thereafter being fine-tuned to meet the actual need, either being applied to current TB or to the following TB.
· Scheme 3: gNB-initiated pattern update

In this case, based on the situation of uplink grant free performance, gNB may automatically reconfigure the transmission pattern using downlink control signal, the pattern update signal can be jointly transmitted with NACK feedback, for refining current TB transmission, or until successful receiving, i.e., during ACK transmission or using UE-specific DCI for next TB transmission. 
  Proposal 1: A mechanism to update ongoing time/frequency resource within a TB transmission duration in an implicit or explicit way is necessary. 
2.2 Pattern Pool Pre-configuration

In case of pattern pool pre-configuration, the basic principle is to allow URLLC UEs with specific traffic format select one of suitable pattern within a pool. Wherein, different pattern features can be incorporated, such as packet size for each transmission, repetition number, time/frequency location, MCS, access priority etc. Based on different pattern features, the pattern pool can be categorized into several sub-pools to facilitate pattern selection for UEs. For example, different sub-pool may represent available RB size used for each transmission, UE may choose one of the pattern in the selected sub-pool based on channel sensing result. 
In order to share the information of selected pattern with gNB, URLLC UE need to transmit pattern selection indication, either on preconfigured control resource or embedded in RS/preamble along with the data transmission using selected pattern. In principle, only on pattern index is carried on the pattern selection indication. However, if pattern combination is allowed, i.e., resource of multiple transmission pattern can be combined for single UE usage, plural pattern index is also possible. In this case, the time/frequency resource or RB size of each transmission is multiplied if pattern resource are orthogonal to each other.
For resource efficiency, gNB may reconfigure pattern pool upon becoming aware of patterns having been selected and reformulate pattern candidates in the pattern pool to improve resource utilization rate.   

Proposal 2: UE can select a suitable pattern in a pre-configured pattern pool or perform pattern update request to change existing transmission pattern.
2.3 Role of Control Information 
The main purpose of uplink or downlink control information described above with respect to pattern (re)configuration scheme is to provide a possibility either to change existing pattern being pre-configured previously or to select a better transmission pattern within a pattern pool based on current traffic condition. 
The uplink control information could carry pattern update request in case of single pattern pre-configuration, providing BSR-like or latency limitation information for gNB’s reference. In the pattern pool pre-configuration case, it can be used for pattern selection indication for the selected or preferred pattern index. The uplink control information could be carried on a pre-allocated control resource known by UE and reserved by gNB. Alternatively, it can be implicitly indicated in RS or preamble sequence. Repetitive trials of uplink grant free transmission sometimes could cause boundary ambiguity at gNB of whether the current transmission is repetitive transmission of current TB (transport block) or the first transmission of new TB, especially when the detection of ACK/NACK message fails. It would be preferred to add an NDI-like (new data indication) in the uplink control information at least for the first transmission in each TB duration. For uplink traffic recognition or UE identification, it can also carry UE relevant ID for gNB to be aware of arrival time point and source of arrival packet. 
As for downlink control information, it could act as pattern update response in case of single pattern pre-configuration.  The pattern update response could indicate RB size, location or MCS for following retransmission in current TB and/or providing complete new pattern for next TB transmission. The downlink control information can be transmitted along with NACK message for intermediate pattern update under current TB. Alternatively, it can be signaled with ACK feedback or in the DCI for next TB pattern update. It should be noted that the new pattern update includes the case of only modifying maximum repetition number (K) while using existing transmission pattern. In addition, some time/frequency resource of existing pattern could be punctured as a result of pattern update, the main purpose is to avoid possible redundant transmission due to time delay of ACK/NACK feedback. 
For pattern pool pre-configuration case, downlink control information can also be used for pattern approval in response to preferred/selected pattern indication, i.e., only gNB approved pattern will be used for following transmissions. Similar to the uplink case, consecutive transmission of ACK or NACK may confuse UE on which TB the ACK/NACK actually belongs to. Certain mechanism to indicate TB index or TB change using downlink control information could be considered. UE identity could also be carried in downlink control information to distinguish destinations if uplink multiplexed transmission happens.
Besides redundant uplink transmission(s) at the end of TB duration as a consequence of delayed ACK/ANCK feedback, the effect also results in redundant ACK(s) transmission at gNB. For successful uplink transmission, one-time ACK feedback should be enough, the resource redundant ACK(s) transmit on can be alternatively used for transmitting downlink control information or reference signal.   
Proposal 3: Additional uplink and/or downlink control could be designed to adjust uplink transmission pattern, including number of repetitions K. 
2.4 Similarity to SPS in LTE
In order to conform to SPS-like scheme in LTE, some of the above parameters can be configured using RRC signalling are pre-defined time/frequency transmission patterns, URLLC specific RNTI. Other parameters such as pattern update indication can be dynamically configured with PDCCH using URLLC specific RNTI. This facilitates abrupt packet size change, allows for flexible resource allocation and link adaptation. Considering unexpected uplink packet arrival time, the mechanism of SPS activation/deactivation using PDCCH seems inadequate due to unpredictability. The UL grant-free operation should be active immediately after configured via RRC signalling. To prevent over-reserved UL grant-free resource, the transmission pattern of available RB size and the periodicity density are conservatively assigned semi-statically, and then using PDCCH to dynamically adjust pattern according to variable traffic conditions.        
Proposal 4: SPS for UL grant-free transmission should be active immediately after configured using RRC signalling.   
3 Conclusions 
Based on the analysis in this contribution, we have the following observation and proposals.
Observation 1: URLLC design need to take into account different packet size over time, packet size has impacts on required resource block (RB) size and consequently affects reliability and latency performance.
Proposal 1: A mechanism to update ongoing time/frequency resource pattern within a TB transmission duration in an implicit or explicit way is necessary.
Proposal 2: UE can select suitable a pattern in a pre-configured pattern pool or perform pattern update request to change existing transmission pattern.
Proposal 3: Additional uplink and/or downlink control could be designed to adjust uplink transmission pattern, including number of repetitions K.
Proposal 4: SPS for UL grant-free transmission should be active immediately after configured using RRC signalling.
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