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1.
Introduction
In RAN2#97, the following was agreed for skipping UL grant:
	Agreements
1. NR supports an SPS scheme similar to LTE
2. NR supports skipping UL grant scheme similar to LTE


In RAN2#97bis, the following was discussed for skipping UL grant
	Agreements on SPS
· Like in legacy LTE, at least SPS period is configured by RRC. FFS how frequency resource, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion.
· UL skipping for dynamic grant should be configurable. FFS if UL skipping for SPS is configurable
· Working assumption: Like in LTE, DRX behavior with SPS UL should be to restart inactivity timer
   when UL data is transmitted, and not to restart when SPS UL grant is not used. This behaviour

 depends on outcome of DRX design.


In this contribution, we discuss whether UL skipping for SPS is configurable or not. In addition, we present a need of multiple SPS in consideration of multiple TTI lengths/numerologies. 
2.
Discussion
2.1
skipping SPS in NR
In LTE up to Rel-13, the UE should always use the UL grant or SPS grant regardless of whether there is data to transmit or not. The UE should generate a MAC PDU including, e.g., padding/periodic BSR and zero MAC SDU, i.e., so called padding MAC PDU, if there is no data to transmit but has uplink resource. In UL SPS operation, as the UE transmits a padding MAC PDU, there is no need to send a feedback in response to UL SPS activation/release. In other words, the eNB discerns whether UL SPS is successfully activated or released by receiving a MAC PDU.
In Rel-14 LTE, in order to reduce latency, several SPS intervals such as 1 subframe is introduced. With such frequent SPS resources, the UE may transmit padding MAC PDU frequently only to unnecessarily consumes UE power and increases interference. In order to resolve this issue, skipping SPS resource is introduced (skipUplinkTxSPS), where the UE is allowed to skip SPS resource if there is only padding/periodic BSR with zero MAC SDU. In this case, the eNB may not be able to tell whether the UE skips uplink transmission as there is no data or the UE fails to activate/release SPS resources. Therefore, as a feedback in response to UL SPS activation/release, SPS confirmation MAC CE is introduced. 
In Rel-14 LTE, the UE should always be configured with skipUplinkTxSPS when SPS interval is shorter than 10 subframes. When SPS interval is larger than 10 subframes, it is up to network decision whether to configure the UE with SkipUplinkTxSPS while not prohibiting the use of it. The reason of having such configurability in Rel-14 LTE seems not clear while it has not been addressed any harm of using skipUplinkTxSPS when SPS interval is larger than 10 subframes.  

Observation. There is no harm in skipping uplink transmission in SPS even when SPS interval is larger than 10 subframes. 
In NR, the UE should skip SPS resource if there is no data to transmit when SPS interval is shorter than 10 subframes. The question is whether it should be possible not to configure skipUplinkTxSPS when SPS interval is larger than 10 subframes. In our view, as long as the UE transmits an SPS confirmation MAC CE in response to SPS activation/release, there seems to be no reason to allow transmission of padding MAC PDU. 

One may say that the UE may skip transmssion of a periodic BSR as well if the UE always skips UL transmission on SPS. However, periodic BSR is only for tracking the UE buffer status when there is on-going data transmission, and thus there is no reason for the eNB to receive the periodic BSR even when there is no data to transmit. In addition, there wouldn’t be any big complexity in UE side with skipping UL transmission. Therefore, we see no reason of allowing transmission of unnecessary padding MAC PDU even when SPS interval is larger than 10 subframes, and would propose to mandate use of skipping UL transmission in NR SPS. 
Proposal 1. In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.
2.2
Multiple SPS 
In NR, various TTI lengths and numerologies are to be supported. From NR SI, there has been an intention to have a restriction in use of UL resource depending on TTI lengths/numerologies and service. In this sense, RAN2 agreed in RAN2#97bis that For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer. However, it has not been clear yet whether the restriction in use of UL resource refers to the dynamic UL grant only or both of dynamic UL grant and SPS resources.
In LTE, in scope of Rel-14 Latency Reduction WI, SPS resource can be configured with minimum 1 subframes of SPS interval. Given that it has not been decided yet whether smaller size of SPS resources can be configured in Rel-15 sTTI WI, if SPS resources with short interval is configured for a UE, it may limit the chance that other UEs are configured with SPS resources.
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Figure 1 A UE is configured with SPS resource with 1 subfame of SPS interval
In NR, with support of various TTI lengths/numerologies, SPS resource could be of smaller size. As smaller size of SPS resources would allow more UEs to be configured with frequent SPS resource by sharing the limited amount of uplink resource, more UEs can be benefit from frequent SPS resources in terms of latency reduction.
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Figure 2 Multiple UEs are configured with SPS resource with 1 subframe of SPS interval
However, smaller size of SPS resource may not be always good from header overhead point of view because data may need to be segmented in order to be fit into the smaller size of SPS resource. Therefore, smaller size of SPS resource with short SPS interval may be preferred for small size data having high latency requirement, e.g., URLLC. In the meanwhile, large size of SPS resource would be preferred for large size data, e.g. eMBB. Given that eMBB may not be delay sensitive, infrequent and large size of SPS resource would be sufficient for, e.g., eMBB. 
As seen in the above, in NR, it may be good to have a restriction in use of SPS resource by taking the TTI lengths/numerology of SPS resource and traffic type of logical channel into account. Similar to what we have discussed so far, there may be a mapping restriction between logical channel and TTI lengths of SPS resource. 
Proposal 2. In NR, there is restriction in use of SPS resource depending on TIT length of SPS resource and logical channel.
Please note that the same restriction can be applied to both of dynamic UL grant and SPS resource.

Considering that the UE can use various services simultaneously, it seems quite natural to support multiple SPS configurations with various TTI length at the same time in order to configure multiple SPS resources with different SPS resource sizes for different logical channels. For example, SPS resource with normal TTI length and SPS resource with short TTI length can be configured at the same time in order to serve URLCC data on SPS resource with frequent but short TTI length and to serve eMBB data on SPS resource with infrequent but normal TTI length.
Proposal 3. In NR, multiple SPS configuration needs to be supported in order to support different services simultaneously.
3.
Proposal
We discussed SPS aspect in this contribution by considering what we have today in LTE and support of various TTI lengths in NR. Our proposals are:
Observation. There is no harm in skipping uplink transmission in SPS even when SPS interval is larger than 10 subframes. 
Proposal 1. In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.
Proposal 2. In NR, there is restriction in use of SPS resource depending on TIT length of SPS resource and logical channel.

Proposal 3. In NR, multiple SPS configuration needs to be supported in order to support different services simultaneously. 
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