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1	Introduction
RAN2 has discussed some aspects of supporting multiple active SPS/CG configuration and shorter SPS periodicities and has reached the following agreements:
	R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID




To be able to continue the discussion RAN2 has sent LS on SPS/CG for IIoT to RAN1 [1]. In this paper we provide our view on LS reply.
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There are three questions in LS and we discuss each of them in a separate subsection below.
[bookmark: _Toc528770448][bookmark: _Toc528770467]2.1	Maximum number of DL SPS and UL CG configurations
The first question in LS is related to maximum number of active configurations:
1. RAN2 agreed that the maximum number of active SPS configurations for a given BWP of a serving cell should be either 8 or 16, but could not reach a final conclusion. From RAN2 perspective 8 was proposed as it seems to be sufficient for current TSC requirements. On the other hand, the current maximum number of simultaneous HARQ processes in the UE is 16, so this is why this number was proposed. 
Q1: RAN2 would like to kindly ask RAN1 whether from PHY layer perspective there is a difference or preference, e.g. in terms of complexity to, to support 8 or 16 configurations.
From the question it is unclear whether RAN2 is asking about DL SPS only or about both DL SPS and UL CG, hence, we address UL and DL. Due to TSN traffic symmetry on the DL and UL, the same/similar designs are used for DL SPS and UL CG. For example, RAN2 LS expresses the desire to define the same/similar periodicity values (e.g., minimum of 2 os) for DL SPS, in order to match that of UL CG. Similarly, the same maximum number of active configurations should be supported for DL SPS and UL CG.
RAN2 has indicated that it is sufficient to support eight active configurations for current TSC requirements, thus, there is no technical reason to support more than eight when one configuration is used for one service type.

[bookmark: _Toc7822958]RAN2 has indicated that it is enough to support eight active configurations for multiplexing of services with different requirements.
One can think about arguments for having more than eight configurations from RAN1 perspective. First would be a support of multiple active configurations per service to reduce alignment delay or to ensure number of repetitions. This approach may require several active configurations (e.g. 4) to be used per traffic stream. However, if we consider multiple TSN streams coexistence in one UE, number of needed configurations may considerably expand and even 16 will not be enough. In addition to this issue, the activation and deactivation mechanisms can be overcomplicated. We discuss some issues on multiple active configurations for DL SPS in [2] and for UL CG in [3]. Other arguments to limit number of active configurations by eight would be:
· In DL there is a need to have some HARQ process ID space for dynamic scheduling;
· Less impact on DCI when activation mechanisms via DCI are designed;
· Lower likelihood of activation validation and release validation error;
· Lower RRC configurations overhead, since a maximum of 8 (not 16) separate configurations are signaled.
All in all, having current RAN1 agreements and arguments in mind we have the following proposals:
[bookmark: _Toc7827695]From RAN1 perspective, 8 configurations is preferred over 16 configurations in DL SPS and UL CG due to performance and complexity considerations.
[bookmark: _Toc7827696]The same maximum number of active configurations are supported for both DL SPS and UL CG.

2.2	DL SPS periodicity
The second question in LS is related to minimum periodicity:
2. From RAN2 point of view, supporting short periodicity at least down to 0.5 ms is required. Support of even shorter periodicities (e.g. down to 2 symbols) could be useful for support of TSC traffic patterns with periodicities non-aligned with NR frame structure, i.e. periodicities which are not multiple of NR slot or symbol period, which are used to configure CG/SPS periodicity. On the other hand, some companies indicated that the same issue can be addressed by providing the UE with multiple active SPS configurations and there was no consensus on how to address issue.
Q2: RAN2 would like to kindly ask RAN1 about:
· the feasibility to support SPS periodicities of at least 0.5 ms
· the feasibility to support SPS periodicities shorter than 0.5 ms, e.g. down to 2 symbols
· any additional limitations for the above e.g. in terms of supported SCS, HARQ-ACK feedback
According to our understanding there is no obstacles to support 0.5 ms periodicity of DL SPS, but we need to be careful decreasing periodicity further. There are two aspects we need to consider:
1. If the periodicity is less than 1 slot, multiple HARQ-ACKs for this slot must be collected and transmitted over PUCCH.
2. On OFDM-symbol level a length of cyclic prefix can vary, and boundaries of OFDM-symbols do not match periodicities, thus, periodicity definition in milliseconds is not applicable.
We discuss the first aspect in details in our companion paper [4], where in conclusion we believe that technically it is feasible to support periodicity down to 2os. It is also must be noted that multiple HARQ-ACKs per slot is under discussion already, but some work is needed in RAN1 to clarify HARQ-ACK codebook construction for short DL SPS periodicities.
The second aspect can be clarified further. In accordance with specification [5] Section 5.3.1, some OFDM symbols have longer cyclic prefix then another. It leads to slight misalignment between slot lengths for 60 KHz and 120 kHz SCSs, but all numerologies are aligned on 0.5 ms level. Moreover, DL SPS periodicities below 0.5 ms, e.g. 0.25 ms or 0.125 ms cannot be used with low SCSs because OFDM symbol cannot be split. The illustration of this issue is shown on a Figure 1.
[bookmark: _Hlk7819072][image: ]
Figure 1. Effect of long cyclic prefix sent every 0.5 ms.

To avoid the issue described above the periodicity can be defined in OFDM symbols. To make the specification simpler, framework for UL CG periodicity can be reused.

[bookmark: _Toc7827697]It is feasible to support DL SPS periodicities 0.5 ms or shorter (e.g., down to 2 os) in Rel-16, but additional work is required in RAN1, e.g., to define the corresponding HARQ-ACK mechanisms.
[bookmark: _Toc7827698]To support DL SPS periodicities below 0.5 ms the periodicity has to be defined in units of OFDM-symbols.

2.2	Activation/deactivation of UL CG/ DL SPS
The third question from RAN2 is related to activation and deactivation of multiple configurations:
3. RAN2 assumes that activation/deactivation of multiple SPS/CG configurations is done by DCI. There is no consensus in RAN2 on activation/deactivation of multiple SPS/CG configurations to be done by one DCI for multiple configurations or by one DCI per configuration (as in LTE rel-15).
Q3: RAN2 would like to kindly ask RAN1 the feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signalling. 
First, RAN1 needs to inform RAN2 about agreement on support of individual configuration activation/deactivation (one by one). 
[bookmark: _Toc7827699]RAN1 informs RAN2 about feasibility of one-by-one configuration activation and corresponding agreement in RAN1.
On feasibility of group activation/deactivation via DCI signalling, it is feasible only if both conditions are satisfied:
(a) The multiple SPS/CG configurations share the same DCI field values except the special field values used for activation validation or release validation.
(b) The DCI format is modified, for example, to include a new field for configuration group indication.
If either of above conditions is not satisfied, then it is infeasible to perform activation/deactivation of multiple SPS/CG configurations via DCI signalling.
For (a) above, 
1) If using DCI format 0_0 for activating a group of UL CG, the activation DCI field with same values include: time domain resource allocation, frequency domain resource allocation, frequency hopping, modulation and coding scheme, TPC command.
2) If using DCI format 0_1 for activating a group of UL CG, the activation DCI field with same values additionally include: carrier indicator, bandwidth part indicator, Precoding information and number of layers, etc.
It is questionable whether group activation is useful or not when multiple services coexists in a UE, since almost all DCI fields can be different for all traffic types (MCS, FDRA, TDRA, MIMO fields etc.).

For (b) above, it is difficult to justify adding a new field for the purpose of group activation/release. We foresee many issues RAN1 will need to solve to make it work (e.g. DCI size alignment, activation/deactivation by fallback DCI etc.). 

Thus, RAN1 need to inform RAN2 about the technical infeasibility and the questionable technical merits of group activation/deactivation.

[bookmark: _Toc7827700]RAN1 informs RAN2 about the technical infeasibility and the questionable technical merits of group activation/deactivation.

While we are skeptic about group activation, a deactivation of all active configurations (i.e., not a subset of the active configurations) is possible if RAN1 designates a set of special field values in DCI to signal it. It is important to highlight that deactivation of subset of configurations has the same issues as group activation in terms of (b) above.
[bookmark: _Toc7827701]RAN1 informs RAN2 that deactivation of all active configuration (but not a subset of the active configurations) is possible without excessive effort.
More information about activation/deactivation can be found in our companion paper [3].
Conclusion
Based on the discussion in the previous sections we have the following observations and proposal:
Observation 1	RAN2 has indicated that it is enough to support eight active configurations for multiplexing of services with different requirements.

Proposal 1	From RAN1 perspective, 8 configurations is preferred over 16 configurations in DL SPS and UL CG due to performance and complexity considerations.
Proposal 2	The same maximum number of active configurations are supported for both DL SPS and UL CG.
Proposal 3	It is feasible to support DL SPS periodicities 0.5 ms or shorter (e.g., down to 2 os) in Rel-16, but additional work is required in RAN1, e.g., to define the corresponding HARQ-ACK mechanisms.
Proposal 4	To support DL SPS periodicities below 0.5 ms the periodicity has to be defined in units of OFDM-symbols.
Proposal 5	RAN1 informs RAN2 about feasibility of one-by-one configuration activation and corresponding agreement in RAN1.
Proposal 6	RAN1 informs RAN2 about the technical infeasibility and the questionable technical merits of group activation/deactivation.
Proposal 7	RAN1 informs RAN2 that deactivation of all active configuration (but not a subset of the active configurations) is possible without excessive effort.
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