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1 Introduction
During RAN2#97, the following agreements were made [1]:
1
NR supports an SPS scheme similar to LTE 

2
NR supports skipping UL grant scheme similar to LTE
During RAN2#97bis and RAN2#98, further agreements were made on SPS [2]:
1.
From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.

2.
Like in legacy LTE, at least SPS period is configured by RRC.  FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion.

3.
UL skipping for dynamic grant should be configurable.

3a.
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.

4.
Working assumption:  Like in LTE, DRX behaviour 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.

5.
LCP is performed the same regardless whether the grant is dynamic or SPS.  SPS is a “configured grant”.

6.
Implicit release of UL SPS resources is not supported.

FFS: If multiple SPS is supported for duplication or to support different numerologies

During RAN1#89, the following agreements were reached [2][3]:

Agreements

•
If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 

•
If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied

•
RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary
In addition, an email discussion [89#22] on “UL data transmission without UL grant” took place since RAN1#89. The discussion touches aspects such as resource configuration, UE identification and physical channel structure. The last question is on whether SPS UL transmission and UL data transmission without grant should be differentiated or not. This contribution addresses this question from a RAN2 perspective.
2 UL data transmission “without grant”
RAN1 has been discussing and agreeing on features of a transmission scheme called at various times “grant-free”, “grant-less” or “without grant” initially in the context of mMTC and then for URLLC. TR 38.802 states in section 8.2.2 [4]:

 At least an UL transmission scheme without grant is supported for URLLC. Resource may or may not be shared among one or more users. Also, an UL transmission scheme without grant is targeted to be supported for mMTC. For UL transmission without grant, the resource configuration includes at least time and frequency resources, modulation and coding scheme(s), possibly including RV, implicitly or explicitly, and reference signal parameters. For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions for the TB until one of the following conditions is met.

-
If an UL grant is successfully received for a slot/mini-slot for the same TB

-
The number of repetitions for that TB reaches K
Thus in the grant-free scheme, a resource configuration may be provided by RRC signaling instead of physical layer (DCI) signaling. The term “without grant” could therefore be considered somewhat inaccurate since a grant would anyway be provided, only using a different mechanism. The subsequent agreement from RAN1#89 copied in the introduction makes this obvious, since it is stipulated that depending on network configuration, it could be allowed that L1 signaling can modify parameters of the data transmission (i.e. modify the grant).

Another feature of the “without grant” scheme is the configuration of up to K repetitions for a same TB. This feature could be considered similar to “TTI bundling” of LTE, except that the repetitions may be interrupted by reception of a DCI.
Further issues currently under discussion in RAN1 include:
· Whether the UE skips the grant if there is no data to transmit;

· How to support UE identification at the network side;

· Whether the design of the grant depends on the grant mechanism

· How to identify HARQ process and provide HARQ feedback;

· How to control power and timing advance;
3 Semi-persistent scheduling
LTE and NR support semi-persistent scheduling. In LTE case for the uplink, RRC configures the SPS C-RNTI and the semi-persistent scheduling interval while other parameters are provided in the DCI that activates the grant. SPS can be configured at the same time as TTI bundling for FDD. A dynamic grant can over-ride the SPS grant in a subframe

For NR, at least the scheduling interval is configured by RRC. RAN2 agreed that for NR, the UE should always skip the grant if there is no data to transmit.

4 Discussion

From the above, it is obvious that a lot of commonalities exist between semi-persistent scheduling and “UL data transmission without grant”. In both cases, the design allows for significant reduction of L1 signaling by not requiring a DCI for every UL transmission. One difference between “UL data transmission without grant” and SPS as defined in LTE is that in the first case, the grant parameters can be provided by RRC instead of in a DCI activating the grant. This could be considered as an enhancement to SPS providing the option for the network to configure the resources and consider them active without having to use a L1 activation command.
Observation: The main difference between “UL data transmission without grant” and SPS as defined in LTE is that in the first case, the grant parameters can be provided by RRC instead of in a DCI providing and activating the grant.

RAN1 agreed that “if network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied”. We think that as in LTE SPS, it should always be possible for the network to utilize L1 signaling for activation, deactivation or modification of the parameters and there does not seem to be any benefit in disabling this functionality by RRC.

The features and issues being discussed by RAN1 in the context of “UL data transmission without grant” (such as UE identification, HARQ process identification, etc.) seem to be equally applicable to SPS in NR. For each of these issues, there is little motivation to take different decisions depending on whether or not a DCI activates the initial transmission.

Therefore, we propose that UL SPS and “UL data transmission without grant” are not differentiated, i.e. NR should specify a single scheme called SPS to support UL data transmission with reduced DCI overhead and any additional enhancement should be specified as part of SPS. In addition, the L1 signaling for activation/deactivation agreed to be supported in RAN1 can be based on LTE principles as a starting point, i.e. where the activation command contains all applicable grant parameters.
Proposal 1: For UL data transmission with reduced DCI overhead, NR supports a unified scheme called “Semi-persistent scheduling” (SPS) that is based on LTE UL SPS principles.
Proposal 2: Any new functionality related to “UL data transmission without grant” is specified as part of SPS.
Proposal 3: The L1 signaling for activation/deactivation contains all applicable grant parameters similar to LTE UL SPS.
Proposal 4: The possibility of receiving L1 signaling for activation, deactivation or modification should not be configurable by RRC.
If the above is agreed, it is proposed to inform RAN1 of this decision.
5 Conclusions
This contribution discussed SPS and “UL transmission without grant” schemes for NR. The following is proposed:
Proposal 1: For UL data transmission with reduced DCI overhead, NR supports a unified scheme called “Semi-persistent scheduling” (SPS) that is based on LTE UL SPS principles.

Proposal 2: Any new functionality related to “UL data transmission without grant” is specified as part of SPS.
Proposal 3: The L1 signaling for activation/deactivation contains all applicable grant parameters similar to LTE UL SPS.
Proposal 4: The possibility of receiving L1 signaling for activation, deactivation or modification should not be configurable by RRC.
It is also proposed that RAN1 should be informed of any agreement made from the above.
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