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Introduction
In RAN1 NR Ad Hoc #3, semi-persistent CSI reporting on PUSCH was agreed as follows[1][2]:
Agreement:
Support S-CSI on PUSCH using similar mechanism to LTE SPS
· Resources/MCS for S-CSI on PUSCH are allocated semi-persistently using DCI
· S-CSI supports Type II with minimum periodicity of 5ms

In RAN1 #90bis, the following agreements were made on periodic and semi-persistent (SP) CSI reporting[3]:
Agreement:
NR at least supports the following periodicities for P/SP CSI reporting 
{5, 10, 20, 40, 80, 160, 320} slots
Details on restriction on periodicity as a function of subcarrier spacing is to be concluded in RAN1#91 (including whether or not to support)

In the post RAN1#90bis email discussion, the following agreement were further reached on SP-CSI on PUSCH:
Agreement:
· For SP-CSI reporting on PUSCH, detailed scheme(s) are to be decided by UL scheduling section in RAN1 91 including which RNTI to use 
· Strive to align SP-CSI transmission mechanism as much as possible with UL data transmission mechanism

In this contribution, we discuss some desired features for SP-CSI on PUSCH. This is a revision of R1-1718442. The details on activation/deactivation, confirmation and RNTI used for SP-CSI on PUSCH are also discussed in a companion paper in the UL scheduling section [4].
[bookmark: _Ref178064866]Discussion
Semi-persistent CSI reporting on PUSCH    
For semi-persistent CSI (SP-CSI) reporting on PUSCH, it was agreed that a similar mechanism to LTE semi-persistent scheduling (SPS) will be used.  Thus SP-CSI will be activated by DCI and the CSI is reported on PUSCH periodically until the SP-CSI is deactivated as shown in Figure 1, where the SP-CSI reporting is like SPS in LTE.
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[bookmark: _Ref481492619]Figure 1: Semi-persistent CSI reporting over PUSCH
The slots over which CSI is reported are semi-persistently configured through higher layer signalling, such as periodicity and slot offset.  DCI is used to indicate activation/deactivation and PUSCH resource allocation for the reporting.
SP-CSI activation and deactivation
In LTE, UL SPS activation and deactivation in LTE are signalled in a DCI by scrambling the CRC with a SPS C-RNTI and setting some special bit fields to certain values.  While a similar approach could be used in NR for SP-CSI activation and deactivation, the exact settings are to be further studied by considering the possibility of better link adaptation, i.e. MCS field may not be fixed as in LTE SPS.
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SP-CSI activation and deactivation confirmation
In LTE Rel-8, the confirmation for UL SPS activation is done through DTX detection at the eNB, i.e. the activation is confirmed if a PUSCH is decoded in the SPS subframe and resource. A similar DTX scheme is used to confirm the reception of a UL SPS release.  In Rel-13, MAC CE based confirmation was introduced for SPS activation/deactivation in supporting reduced latency, in which more frequent SPS subframes may be configured. If a UE doesn’t have data to send, the UE may skip a SPS subframe.  In that case, implicit confirmation with DTX detection is not possible.   The same MAC CE based mechanism is agreed in NR.
In case of SP-CSI, the CSI report is always available at a UE, so there should be no issue with DTX based confirmation for SP-CSI activation or release, similar to LTE Rel-8 UL SPS.  Using MAC CE based confirmation in this case would cause extra delay and more resource overhead.
[bookmark: _Toc498717682]Unlike in SPS where a UE may not have data to send, a UE always has CSI to report in case of SP-CSI.
[bookmark: _Toc498447156][bookmark: _Toc498447382][bookmark: _Toc498447683][bookmark: _Toc498448287][bookmark: _Toc498717200][bookmark: _Toc498717498][bookmark: _Toc498717676]The same confirmation mechanism in LTE Rel-8 for UL SPS activation/deactivation can be used for SP-CSI. 
Special SP-CSI C-RNTI
In LTE UL SPS, SPS C-RNTI is used for SPS activation/deactivation and for SPS PUSCH.  It is unclear whether a special SP-CSI C-RNTI is needed for SP-CSI.  For SP-CSI activation and deactivation, SP-CSI C-RNTI may be helpful for a UE to distinguish between a SP-CSI activation/deactivation DCI and other DCIs.   SP-CSI C-RNTI may also be helpful when DTX based activation/deactivation confirmation is used. 
[bookmark: _Toc494754183][bookmark: _Toc498717683]SP-CSI C-RNTI may be useful for SP-CSI activation/deactivation DCI detection and confirmation of SP-CSI activation.
[bookmark: _Toc498448288][bookmark: _Toc498717201][bookmark: _Toc498717499][bookmark: _Toc498717677]SP-CSI specific C-RNTI is supported for SP-CSI.
SP-CSI reactivation 
In LTE SPS, it is possible to send a re-activation DCI that updates the resource assignment for an on-going SPS. This feature should also be supported for SP-CSI.  It would allow gNB to adapt to changes in channel and/or CSI payload size. 
[bookmark: _Toc494703357][bookmark: _Toc494704757][bookmark: _Toc494731314][bookmark: _Toc494739996][bookmark: _Toc494740005][bookmark: _Toc494743287][bookmark: _Toc494747111][bookmark: _Toc494754179][bookmark: _Toc498447157][bookmark: _Toc498447383][bookmark: _Toc498447684][bookmark: _Toc498448289][bookmark: _Toc498717202][bookmark: _Toc498717500][bookmark: _Toc498717678]SP-CSI re-activation that updates the resource assignment or other parameters is supported.
Unlike in LTE SPS, retransmission of CSI is generally not necessary for SP-CSI due to channel aging or CSI update at the UE.
[bookmark: _Toc494754184][bookmark: _Toc498447158][bookmark: _Toc498447384][bookmark: _Toc498447685][bookmark: _Toc498448290][bookmark: _Toc498717203][bookmark: _Toc498717501][bookmark: _Toc498717679]Retransmissions are not supported for SP-CSI on PUSCH.
MIMO support
In LTE SPS, only single antenna port transmission on PUSCH is supported. Since moderate to high SINR can be expected over substantial portions of the cell, it is natural to support higher order modulation, especially for single Tx UEs.  Since the SINRs where higher order modulation can be beneficial can also be exploited by multiple TX UEs, multi-layer SP-CSI should also be supported to take advantage of the benefits of UL MIMO capable UEs.  The mapping of CSI to MIMO layers can be further studied, but the approach used for UCI+data can be the starting point. 
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SP-CSI UCI encoding on PUSCH
SP-CSI can be considered as an extension of aperiodic CSI (A-CSI) over time, where a single PDCCH triggers multiple CSI reports on PUSCH.  So the CSI encoding on PUSCH applies to both A-CSI and SP-CSI.  SP-CSI should support CSI only payload on PUSCH. 
For type II CSI, the CSI size varies with both rank and number of beams with zero power. A two parts CSI encoding scheme has been agreed in which the second part may be partially transmitted if there is not enough resource allocated.  The same applies to SP-CSI. However, the most use case of SP-CSI is that an A-CSI is triggered first and the rank is already known at the gNB before a SP-CSI is triggered. So in most cases, the resource allocation should be adequate for both parts of a CSI. 
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Collision between SP-CSI and PUSCH data or HARQ Ack/Nack
It is possible that a PUSCH data transmission or a HARQ-Ack/Nack occurs in the same slot in which a SP-CSI transmission is also scheduled.  In this case, some prioritization rules need to be defined on if one transmission is dropped or if one transmission is piggybacked on another.
In case of a collision between a data PUSCH and a SP-CSI, SP-CSI can be piggybacked on the data PUSCH. This type of collision is typically known at the gNB and thus proper resource allocation can be done to accommodate both.  
In case of a collision between SP-CSI and HARQ A/N, one option is to puncture some SP-CSI REs with the HARQ A/N. The other option is to drop SP-CSI. A third option is to carry HARQ A/N on PUCCH and SP-CSI on PUSCH. This type of collision can, however, happen also to A-CSI on PUSCH. Therefore, the same treatment should be used.
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Conclusions
In this contribution, we made the following observations:
Observation 1	Unlike in SPS where a UE may not have data to send, a UE always has CSI to report in case of SP-CSI.
Observation 2	SP-CSI C-RNTI may be useful for SP-CSI activation/deactivation DCI detection and confirmation of SP-CSI activation.
Observation 3	When SP-CSI collides with PUSCH data, SP-CSI is piggy backed on data.

[bookmark: _In-sequence_SDU_delivery]We make the following additional proposals: 
Proposal 1	Dynamic MCS allocation is supported in SP-CSI.
Proposal 2	The same confirmation mechanism in LTE Rel-8 for UL SPS activation/deactivation can be used for SP-CSI.
Proposal 3	SP-CSI specific C-RNTI is supported for SP-CSI.
Proposal 4	SP-CSI re-activation that updates the resource assignment or other parameters is supported.
Proposal 5	Retransmissions are not supported for SP-CSI on PUSCH.
Proposal 6	Uplink MIMO is supported for SP-CSI on PUSCH.
Proposal 7	The same UCI encoding for A-CSI on PUSCH is used for SP-CSI UCI encoding on PUSCH
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