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1. Introduction
In this contribution, based on progress so far in RAN2, considerations are provided on both SPS and grant-free transmission from RAN2 point of view.

Agreements on SPS in RAN2#99:
Agreement
1. As in LTE SPS UL, retransmission for SPS UL transmission are based only on UL dynamic grant

Agreements for grant-free in RAN2#99:
	=>	For UEs in RRC_Connected mode, resources for “Type 1” resources are configured by dedicated RRC signalling


2. Discussion
2.1. Considerations on SPS
In LTE asynchronous UL HARQ operating on configured uplink grants, the HARQ process ID is calculated according to SPS interval, current TTI number of SPS resource and SPS process number. In this manner, the UL HARQ process is associated to SPS resources.
For NR, the determination of UL HARQ process operating on UL SPS and grant-free becomes complicated due to K repetition scheme. There are several proposals on when UE start the K repetition and correspondingly the method to determine HARQ process ID[3]. To our understanding, there are following options.

Option A: 
To segment configured resources into bundles, and each bundle includes K configure resoures. The K repetition can only start from the start of a bundle of configured resources. Then the HARQ process ID is associated to the first resource of the bundle. In this option, there will be a small delay because UE has to wait for the next bundle to start the transmission. But since for delay sensitive URLLC services, the configured resource are assumed to be configured with small intervals, the increased delay is limited. Figue 1 shows this approach.


Figure 1: UL transmission with K repetitions and HARQ process ID, option A
Option B:
As shown in figure 2, UE starts the K repetition at any configure resources when there is data for transmission. Two DMRS are needed for gNB to distinguish the first repetition and following repetitions. Corresonding HARQ process ID is determined according to the time domain of first repetition. For example, if the first repetition starts in bundle 0, the HARQ process ID is 0, etc. With this approach, transmssion delay is reduced compared to option A. 
But, there are problems:
First of all, additional DMRS configuration for every UE will reduce the number of UEs which can share a grant-free configuration. This decreases the resource efficency eventually, i.e. more resources/configurations are needed for same number of UE.
Secondly, for grant-free case, UL transmissions from different UE which share the same grant-free resources won’t be aligned in time domain, i.e. repetitions from different UE may overlap partly in time domain. It is difficult for gNB decoding and combining for the case.


Figure 2: UL transmission with K repetition and HARQ process ID, option B
Option C:
UE is configured with multiple SPS/grant-free configurations with same time domain but different frequency domain resources. Different configurations are associated to different start position of K repetitions. UE chose a configuration according to the timing of data ready for transmission. By this way the transmssion delay of K repetition is reduced. The HARQ process ID is associated to the resource used for first transmission of K repetition. Because the resource used for first transmssion is predefined for a specific configuration, there is no need to configure additional DMRS for UE.
But, this approach is not resource efficient. Network has to configure multiple set of SPS/grant-free resources.

Option D: 
UE chose a HARQ process ID and include the HARQ process ID in UCI along with UL transmission.
This method avoid mapping between configured resources and HARQ process ID. It also provides flexibilty on the start of K repetitions.
But there is probability that gNB decode DMRS sucessfully while decoding of UCI fails. Then without the UCI, gNB cannot schedule a retransmssion for the HARQ process which is waiting for retransmission UL grant. If multiple HARQ processes are configured, gNB may have to schedule all possible HARQ processes for retransmission. This increases the complexity.

Based on the analysis above, option A is the simplest one to determine HARQ process ID with limited impact on transmission delay and there is no compromise to resource efficiency.
Proposal 1: SPS/grant-free UL transmission with K repetition starts from the first configured resource of a bundle of configured resources. The HARQ process ID is associated to the first configured resources within a bundle. The boundary of a bundle of configured resources is predefined.

In NR, for asynchronous UL HARQ operating on SPS resources, after UE finish a UL transmission using configured resource, there is no explicit ACK to indicate the transmission is successful.
in dynamically scheduled asynchronous HARQ operation, when UE receives an explicit UL grant for new data transmission, i.e. NDI in DCI is toggled, UE get aware that the previous (re)transmission of the corresponding HARQ is successful.
But for UL SPS, because the UL grants are pre-configured, there is no explicit UL grant for new data transmission which acts as ACK in dynamic scheduling. Methods are needed to prevent corresponding HARQ process from being blocked.
To address this problem, there was proposal to define a waiting timer for UE to wait for retransmission UL grant [3]. We think for most cases, this kind of timer is questionable.
In case 1 as shown in figure 1, length of this waiting timer T is short than interval of two adjacent configured grants which are associated to the same HARQ process. In this case, the timer T is useless because after the timer T expires, UE cannot use the corresponding HARQ process for new data transmission until the next configured grant associated to this HARQ process.
In case 2, length of this waiting timer T is larger than the interval. In this case, before the timer expires, the configured grants associated to the corresponding HARQ process still cannot be used. In other words, the configured grant is wasted for most cases. To avoid such wasting of resource, the network should either increase HARQ process number or increase the interval between adjacent configured grant if the requirement for QoS is allowed.


Figure 1: cases of configuration of waiting timer T

Thus, we propose to have another option to define UE behaviour on waiting for retransmission grant as we proposed in last RAN2 meeting [4]. In this solution, UE regards previous UL transmission of a HARQ process successful if no retransmission UL grant is received before the next configured UL grant which is associated to the same HARQ process. Compared to the explicit timer T, this option can be regarded as the implicit timer approach.
Proposal 2: UE regards previous UL transmission of a HARQ process success if no retransmission UL grant is received before next configured UL grant associated to the same HARQ process.

In RAN2#99, agreement is reached that “As in LTE SPS UL, retransmission for SPS UL transmissions are based only on UL dynamic grant”.
The lack of ACK also exists for retransmission for SPS UL transmissions. After UE performs UL retransmission for SPS UL, if it cannot know whether the retransmission is successful, the corresponding HARQ process cannot be used for new data transmission, i.e. the corresponding HARQ process is blocked.
Differs to the problem for new data transmission, the implicit timer approach is not applicable for retransmission because there is no such a timing reference for retransmission.
Then, there are two options to address this problem for retransmission for SPS UL transmission. 
· Optoin1: To define a timer similar to DRX retransmission timer. This timer is started when UE finish UL retransmission for SPS UL. If UE does not receive explicit UL grant for retransmission before timer expires, UE regards the former retransmission is successful.
· Option2: To signal an explicit ACK for retransmission. Because this explicit ACK is only for retransmission, there should be no big impact on PDCCH burden. Compared to option1, option 2 provides better throughput performance due to the explicit feedback make UE reuse corresponding HARQ process for new data transmission with smaller delay.
Proposal 3: To choose either explicit timer (option1) or explicit ACK (option2) for the retransmission for SPS UL transmission.
2.2. Considerations on grant-free
It was agreed that “For UEs in RRC_Connected mode, resources for “Type 1” resources are configured by dedicated RRC signalling” [1]. One FFS problem related is “When the UE starts using the resources – upon configuration, or a start time in RRC”.
In LTE SPS, SPS interval is configured by RRC signalling while the exact UL grant resource, is configured or reconfigured via L1 signalling, i.e. SPS command. UE starts to use the configured UL grant on receives the SPS command.
For type 1 grant-free transmission, the resource of configured grant is configured via RRC message. It is hard for gNB to guarantee the time when UE receives the RRC message as using L1 signaling because of possible segmentation and retransmission of the RRC message. Further, the grant-free resources are assumed to be shared by multiple UE. Thus it is even harder to align the time on which multiple UE receive the RRC message.
Thus, it is preferred to configure the type 1 grant-free resource in such a manner that the actual grant resources are irrelevant to the reception time of the RRC message. For example, the resources are linked to SFN and/or slot number with period and start offset to indicate the resources position in time domain. In such manner, it is easy for gNB to align UEs which will share the resource.
Proposal 4: Type 1 grant-free resources are independent to the reception time of RRC message containing the configuration. UE starts to use the resources upon configuration.

In LTE SPS, a SPS C-RNTI is allocated for UE for 2 purposes: 
· For scheduling retransmission using dynamic allocated resources
· For L1 signaling, i.e. SPS command.
In NR type 1 grant-free, all configuration are via RRC message. But as agreed in last meeting, the retransmission for SPS UL is based on dynamic scheduling. Then a RNTI is still needed for retransmission scheduling for type 1 grant-free.
Further, the retransmission is UE specific although grant-free resources are shared among multiple UEs. Thus the RNTI for retransmission should also be UE specific to avoid additional UE ID indication in DCI.
Proposal 5: For both type 1 and type 2 grant-free, UE specific RNTI is configured for retransmission scheduling.

Further, if a UE can be configured with multiple grant-free/SPS configuration per cell, it is to be decided whether the RNTI for retransmission scheduling is per grant-free/SPS configuration. Because the HARQ entity is per cell configured, the HARQ process ID space is shared within a HARQ entity. Then a common RNTI used for retransmission scheduling for all HARQ processes operating on grant-free resources of a UE is also applicable with the help of HARQ process ID indication in DCI.
Proposal 6: RAN2 to decide whether the RNTI for retransmission scheduling is per grant-free configuration if multiple grant-free configurations can be configured per cell for a UE.

According to RAN1 agreement, type 2 grant-free supports L1 signaling for activation and deactivation [2]
	· …
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant
· Note: functionality of modification is achieved the L1 signalling by activation



Because UEs sharing the same type 2 grant-free configuration are not necessarily aligned in activation/deactivation, UE specific RNTI for L1 signaling to activation/deactivation is needed to avoid UE ID indication in the L1 signaling.
Proposal 7: For type 2 grant-free, UE specific RNTI is configured for L1 signaling used for activation/deactivation for grant-free resources.

Similar to RNTI used for retransmission, if multiple type 2 grant-free configuration can be configured for a UE in a cell, the RNTI used for L1 signaling for activation/deactivation also has two options. One is dedicated RNTI is configured per type 2 grant-free configuration in this case. Another option is to configure a common RNTI for all type 2 grant-free configurations of the UE in a cell, and a type 2 grant-free confirmation index is indicated in L1 signaling for UE to distinguish the target configuration of the L1 signaling.
Proposal 8: RAN2 to decide whether the RNTI for L1 signaling for activation/deactivation for grant-free resources is per grant-free configuration if multiple type 2 grant-free configurations can be configured per cell for a UE.

Further, for type 2 grant-free, there are use cases when UEs sharing the same type 2 grant-free configuration needed to deactivated or modified for RRM, e.g. for cell RRM reasons. From network point of view, it’s preferred to be able to perform such operation in a group-wise manner, i.e. a single L1 signaling is used for activation/deactivation the type 2 grant-free resource for all UE sharing the resource.
Proposal 9: To support group-wise L1 signaling for activation/deactivation for type 2 grant-free resources.
3. Conclusion
On the HARQ for SPS and grant-free:
Proposal 1: SPS/grant-free UL transmission with K repetition starts from the first configured resource of a bundle of configured resources. The HARQ process ID is associated to the first configured resources within a bundle. The boundary of a bundle of configured resources is predefined.
Proposal 2: UE regards previous UL transmission of a HARQ process success if no retransmission UL grant is received before next configured UL grant associated to the same HARQ process.
Proposal 3: To choose either explicit timer (option1) or explicit ACK (option2) for the retransmission for SPS UL transmission.

On grant-free configuration aspect:
Proposal 4: Type 1 grant-free resources are independent to the reception time of RRC message containing the configuration. UE starts to use the resources upon configuration.
Proposal 5: For both type 1 and type 2 grant-free, UE specific RNTI is configured for retransmission scheduling.
Proposal 6: RAN2 to decide whether the RNTI for retransmission scheduling is per grant-free configuration if multiple grant-free configurations can be configured per cell for a UE.
Proposal 7: For type 2 grant-free, UE specific RNTI is configured for L1 signaling used for activation/deactivation for grant-free resources.
Proposal 8: RAN2 to decide whether the RNTI for L1 signaling for activation/deactivation for grant-free resources is per grant-free configuration if multiple type 2 grant-free configurations can be configured per cell for a UE.
Proposal 9: To support group-wise L1 signaling for activation/deactivation for type 2 grant-free resources.
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