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Introduction
In RAN2#104 meeting, an LS from RAN1 [1] has been received which listed the following agreements achieved in RAN1:
	Agreements from RAN1:
· 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
· Note: it is understood that the above may be related to RAN2 led work on intra-UE multiplexing


And in RAN1#AH 2019 meeting and RAN1#95 meeting, the following agreements were further reached:
	Agreements from RAN1#AH 2019:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated.
Agreements from RAN1#95:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots


Although there is an email discussion [2] on TSN Traffic Patterns in RAN2, there are still some issues not touched, which is critical to be analysed and addressed to support multiple CGs/SPS in Rel-16 NR. In this contribution, we would like to provide our consideration on such kinds of issues to support multiple SPS/configured grants. 
Discussion
2.1 Left issues for DL SPSs for TSN traffic flow
2.1.1. Usage of multiple DL SPSs for TSN traffic flow
In last RAN2 meeting, there is a left issue that if we use DL SPS for TSN traffic flow. As indicated in TR 22.804 and TR 22.821, the time sensitive networking (TSN) is introduced for factory automation using tight closed-loop control in applications. Since periodicity and determinism is characterised as two main communication attributes in automation, the traffic pattern of UE could be informed to gNB in advance as assistant information. The network predicts the packets size and arrival time based on the assistant information from UE or core network. In this regarding, it is possible that the gNB pre-schedules the UEs in one or more fixed time/frequency locations without dynamic scheduling. It is very necessary for gNB to pre-reserve the time/frequency resources for TSN flow to satisfy the stringent requirement on latency and reliability.
In addition, since in factory automation, for instance, the control action to UE repeats thousand times per day and the UE’s mobility range is limited, the scheduling scheme for the UE is relatively predictable and constant for a long time, i.e. using the same duration/TB size and modulation scheme. Hence, DL SPS configuration, which periodicity and PUCCH resource is indicated by RRC, the time/frequency resource and scheduling scheme is indicated by only one PDCCH and keep the same scheme/resource for the following transmission without PDCCH DCI indication for a long period, can be beneficial for reducing the signalling overhead of PDCCH and corresponding interference, compared with dynamic scheduling. Besides, The DL SPS could possibly be utilized for eMBB service in mixed traffic, when no data from TSN flow with higher priority is available before the allowed minimum processing time. On the other hand, as indicated in the LS from RAN1, 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. Therefore, it is proposed:
Proposal 1: It is beneficial to use the DL SPS for periodic and deterministic traffic flow.
                                                                                                                                                                                                                                                       
2.1.2. Handling of DL SPS periodicity and granularity
[bookmark: _GoBack]Referencing to the numerology described in TS 38.211[4], the duration of an OFDM symbol under different numerologies/subcarrier spacing is listed Table1. The maximum OFDM symbol length in different OFDM numerologies is 66.67us for 15 kHz. The periodicity of UL CG is in terms of symbols and its value range is from 2 symbols to 5120x14 symbols while the periodicity of DL SPS is in terms of ms and its value range is from 10ms to 640ms. As defined in TR22.804, TSN traffic is sensitive to end-to-end latency, where the communication for automation requires the 5G system to support cyclic traffic with cycle times at least 0.5 ms. 
	Subcarrier spacing
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz

	OFDM symbol    length
	66.67us
	 



	33.33us
	16.67us
	8.33us
	4.17us

	Cyclic prefix
	~4.8us
	~2.4us
	~1.2us
	0.6us
	~0.3us


                                                      Table 1. OFDM symbol length under different numerologies
Based on table 1, the following periodicities for configured grant are currently supported depending on the configured subcarrier spacing [symbols]:
· 15kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
· 30kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
· 60kHz with normal CP: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
· 60kHz with ECP: 2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
· 120kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
Hence, in order to reduce data transmission latency, the DL SPS periodicity should match the TSN traffic pattern as UL CG configuration. Therefore, it’s expected that the value in the order of 0.5ms and in terms of symbols should be added for DL SPS periodicity. It is suggested that the value of 7*n symbols, n=1, 2…19 should be supported for the periodicity of DL SPS.
Proposal 2: It is suggested that the value of 7*n symbols, n=1, 2…19 should be supported for the periodicity of DL SPS.
2.1.3. Improvement for the reliability of DL SPS
According to the TR22.804, the reliability for TSN flow is defined with at least 99.9999%, ideally even 99.999999%, this means the 5G system shall ensure error-free transmission of a second message within the survival time if the transmission of the previous message failed.  The potential enhancement of DL SPS is to enable the repetitive transmission block (TB) within a bundle for DL SPS, its HARQ retransmissions. 
Proposal 3: The potential enhancement of DL SPS is to enable the repetitive transmission block (TB) within a bundle for DL SPS, its HARQ retransmissions and HARQ feedback.  
2.2 Left issues for multiple CGs/SPSs for TSN traffic flow
2.2.1. Activation/deactivation mechanism for multiple Type 2 CGs or SPSs
In LTE HRLLC, it is specified that when N > 1 is configured for UL SPS, the 3 LSB of the bit field for HARQ process ID in the SPS activation/deactivation DCI indicate which SPS configuration is activated/deactivated. This can be reused in Rel-16 NR as baseline.
Although activate/release the UL Configured Grant independently could be helpful to signal separate parameters , e.g. MCS etc., for each CG configuration in CG activation command, this would lead to more signalling overhead to transmit multiple Type 2 CGs activation/deactivation DCI signaling. Moreover, in some industrial cases, as the requirements on latency are more stringent for URLLC in Rel-16, it will cause more latency when the gNB to activate/release the UL Configured Grant independently upon the simultaneous arrival of multiple different types of traffic packets.Therefore it is more efficient to activate/deactivate multiple configurations together, compared to activate/deactivate each configuration one by one.
There are two possible approached to address the issue, one is to enhance the current SPS activation/deactivation DCI to activate/deactivate multiple configurations together, and another one is to introduce a new MAC CE for this purpose. The down-selection could be perform at WI phase.
Observation 1: in some industrial cases, as the requirements on latency are more stringent for URLLC in Rel-16, it will cause more latency when the gNB to activate/release the UL Configured Grant one by one upon the simultaneous arrival of multiple different types of traffic packets.
Proposal 3: it is proposed to activate/deactivate multiple configurations together, compared to activate/deactivate each configuration one by one. And the down-selection between the enhancement of SPS activation/deactivation DCI and the introduction of a new multiple CG activation/deactivation MAC CE could be perform at WI phase.
2.2.2. CG Confirmation mechanism for multiple Type 2 CGs
In Rel-15 NR, an SPS confirmation mechanism in LTE has been reused for a configured grant Type 2,  which enables the UE trigger a Configured Grant confirmation MAC CE whenever a PDCCH activation/release command is received. Currently, the Configured Grant Confirmation MAC CE has a fixed size of zero bits, which can be identified by a fixed LCID (i.e. 110111) in the MAC PDU subheader.
However, with the introduction of multiple UL CG (type 2) configurations introduced, the zero-bit MAC CE would lead ambiguous since the gNB cannot distinguish which UL CG (type 2) configuration the UE sent this confirmation MAC CE for. Hence, to address the ambiguous issue, current Configured Grant Confirmation MAC CE need to be extended with the information to identify the Configured Grant configurations, which can be in bitmap format to indicate the index or index list of special Configured Grant configurations been activated or released. If RAN1 can conclude that different HARQ process IDs are used for different UL SPS configurations, the information can alternatively indicate the HARQ process ID of special Configured Grant configurations been activated or released..
One may argue that the issue could be addressed by the gNB to activate/release the UL Configured Grant one by one, then the corresponding confirmation message can be sent to the gNB in sequence. However, this would lead to more signalling overhead to transmit multiple SPS confirmation MAC CEs. Moreover, as the requirements on latency are more stringent for URLLC in Rel-16, it is always not possible to have enough time to allow the the gNB to activate/release the UL Configured Grant one by one.
Observation 2: explicit HARQ-ACK feedback can improve the reliability by enabling the UE to distinguish between the two cases that PUSCH transmission on that configured UL grant is not aware of the gNB and PUSCH transmission on that configured UL grant is correctly decoded by the gNB.
Observation 3: in some industrial cases, the requirements on latency are more stringent for URLLC in Rel.16 as well, it is not possible to have enough time to allow the complete the initial transmission, a decoding attempt from the gNB, and a re-transmission attempt within the latency bound.
Proposal 4: it is proposed to introduce the configurable explicit HARQ feedback for the UL CG transmission in Rel-16.

2.2.3. Calculation of HARQ process ID for multiple Type 2 CGs or SPSs
In Rel-15 NR, the HARQ process ID should be the same one each time the TB is repeated and the current calculation equator of HARQ process ID for UL CG is as follows [4]:
For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211.
Obviously, the HARQ process IDs would overlap among different UL CG configurations based on this formula. Assuming that different HARQ process IDs are used for different UL CG configurations, it is necessary to introduce an offset per configuration to differentiate different UL configurations with different HARQ process IDs. This is also introduced in LTE HRLLC. 
Proposal 5	When multiple UL CG configurations is configured, an necessary offset for each UL CG configuration is needed for the calculation of the HARQ process ID in Rel-16 NR, and the enhanced formula could be as follows:
HARQ Process ID = [floor (CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
Similarly, for the DL SPS:
Proposal 6	if the multiple DL SPS CG configurations is allowed, a necessary offset for each DL SPS configuration is needed for the calculation of the HARQ process ID in Rel-16 NR as well.

2.2.4. HARQ-ACK feedback mechanism for multiple Type 2 CGs 
In Rel-15 NR, to reduce the signalling overhead compared with explicit HARQ feedback, a kind of implicit HARQ-ACK feedback mechanism, i.e. a Timer-based HARQ-ACK feedback mechanism is introduced for UL CG transmission, where a UE shall assume ACK when a pre-defined Timer expires. Moreover, an uplink skip transmission mechanism is introduced which means that the UE is allowed to keep the CG configuration without sending a packet if the buffer is empty. The motivation of this is to reduce signalling overhead and corresponding interference. However, this implicit HARQ-ACK feedback mechanism might lead to an error case that PUSCH transmission on that configured UL grant is not aware of the gNB at all. As the requirements on reliability (like 1 - 10-6) are more stringent for URLLC in Rel-16, explicit HARQ-ACK feedback can improve the reliability by enabling the UE to distinguish between the two cases that PUSCH transmission on that configured UL grant is not aware of the gNB and PUSCH transmission on that configured UL grant is correctly decoded by the gNB.
However, in some industrial cases, since the requirements on latency are more stringent for URLLC in Rel-16 as well, it is not possible to have enough time to allow the complete the initial transmission, a decoding attempt from the gNB, and a re-transmission attempt within the latency bound. Considering the benefit to improve the reliability and the nature limitation of the explicit HARQ-ACK feedback mechanism, it is make sense to introduce the configurable explicit HARQ feedback for the UL CG transmission in Rel-16.
Observation 4: explicit HARQ-ACK feedback can improve the reliability by enabling the UE to distinguish between the two cases that PUSCH transmission on that configured UL grant is not aware of the gNB and PUSCH transmission on that configured UL grant is correctly decoded by the gNB.
Observation 5: in some industrial cases, the requirements on latency are more stringent for URLLC in Rel.16 as well, it is not possible to have enough time to allow the complete the initial transmission, a decoding attempt from the gNB, and a re-transmission attempt within the latency bound.
Proposal 7: it is proposed to introduce the configurable explicit HARQ feedback for the UL CG transmission in Rel-16.

2.2.5. Association different CG/SPS configurations to different LCHs
As indicated in the LS from RAN1, 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.
If the multiple configured grants is configured to support different traffic types at the same time, which have different traffic characteristics, e.g. latency/reliability requirements and packet patterns, gNB need configure multiple configurations with different parameter, e.g. different periodicities, different repetition numbers, different MSC levels and different resource sizes. Hence, RAN2 need discuss the maximum number of active configurations per BWP. However, it is for stage 3 specification.
On the other hand, to better provide the appropriate resource of CG/SPS according to the service characteristic and traffic type, it may be benefit to associate different CG/SPS configurations with the different traffic types of the UE. This can be implemented by mapping/ configuring different LCHs for the different CG/SPS configurations. 
Proposal 8: It is proposed to associate/configure different CG/SPS configurations to different LCHs.

2.2.6. Handling the overlapping between different CG/SPS configurations 
Since RAN1 had agreed to support multiple active configured grant configurations for a given BWP of a serving cell and considering that the short period may be required in URLLC service, the overlapping in time domain between the multiple CGs and SPSs may not be avoided if multiple CGs or SPSs is configured within one UE or different UEs.
In LTE HRLLC, it is specified that the UE shall not transmit PUSCH simultaneously using different UL SPS configurations on a serving cell. However, for TSN flows, as indicated in the LS from RAN1, the motivation of supporting multiple active configured grant configurations at least for different services/traffic types and/or for enhancing reliability and reducing latency. Therefore, it will bring benefit to break the limitation in LTE HRLLC to enable the UE to simultaneously transmit the data on multiple CG or SPS which is overlapping in time domain but separating in frequency resources upon the packets arrival of more than one traffic flows when there are enough radio resources in frequency domain.  The data simultaneously transmitted in multiple CG or SPS could be the repetitions for one transmission blocks or different transmission blocks from multiple flows. It is gNB implementation to omit/admit UE with multiple CGs/SPS, if the radio resource does not satisfy the QoS requirement within a given BWP. Additionally, RAN1 must be involved in the discussion of this issue.
Proposal 9: it is preferred to break the limitation in LTE HRLLC to enable the UE to simultaneously transmit the data on multiple CG or SPS which is overlapping in time domain but separating in frequency resources, which also need RAN1 involved.    

2.2.7. CG data transmission across the slot boundary and period boundary
In order to ensure the requirement of the reliability and the scheduling latency, it is necessary to guarantee the configured repetition times of certain CG transmission, which will possibly lead to the case that the repetitions are transmitted go across the slot boundary. So far, this has not been supported in the NR yet. 
As indicated in the above agreements, it has been agreed that a UL data transmission across the slit boundary for scheduled grant. Therefore, we propose to enable the CG timely transmission of a single data packet across the slot boundary upon its arrival as the UL data scheduling enhancements, which is very important for Rel.16 URLLC services with more stringent latency requirement.
Similarly, in Rel.15, repetitions of a MAC PDU are not allowed to cross a period boundary. In this case, when the repetitions of a MAC PDU is not start from the first Transmission occasion within a period, it is possible that the left transmission period is not enough to transmission the MAC PDU for the configured number K, which would face a risk of failing to meet the stringent high reliability requirement for TSN traffic flow. Therefore, we provide the following proposals:
Proposal 10: it is preferred to enable the CG transmission of a single data packet across the slot boundary as the UL data scheduling enhancements.    
Proposal 11: it is preferred to enable the CG transmission of a single data packet across the CG/SPS period boundary. 
2.2.8. Usage of the broadcast solution for TSN traffic
The massive sensor networks aiming for process monitoring is indicated in TR22.804 as one type of factory of future. The 5G system should support the communication service for the large number of sensors which are grouped based on its measure type. A group of sensors with same measurement type need to receive the action commands from controller. The data carrying the action commands should be in broadcast/multicast mode from a single source entity to multiple receptions/sensors. When the TSN flow is shared by a group of UE, the multicast could use the radio resource more efficient than the unicast does. However, since in current phase in NR, there is no much discussion and specification on broadcast/multicast mechanism, it is preferred to postpone the study of the broadcast/multicast mechanism for TSN traffic.
Proposal 7: It is preferred to postpone the study of the broadcast/multicast mechanism for TSN traffic. 
Conclusion
In this contribution, we discussed the consideration on multiple SPS/configured grants for TSN flow.
Proposal 1: It is beneficial to use the DL SPS for periodic and deterministic traffic flow.
Proposal 2: the UE should be able to simultaneously transmit the data on multiple CG or SPS which is overlapping in time domain but separating in frequency resources.  
Proposal 3: It is suggested that the value of 7*n symbols, n=1, 2…19 should be supported for the periodicity of DL SPS.
Proposal 4: The 5G system should consider data arriving time and delay under the TSN time for scheduling.
Proposal 5: The potential enhancement of DL SPS is to enable the repetitive transmission block (TB) within a bundle for DL SPS, its HARQ retransmissions and HARQ feedback.  
Proposal 6: Reserve the fixed time/frequency resource for second transmission and its HARQ feedback to overcome unacceptable latency.
Proposal 7: The multicast could use the radio resource more efficient when the TSN flow is shared by a group of UE. 
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