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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 this contribution, we discuss some details on semi-persistent CSI reporting on PUSCH.
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Semi-persistent CSI reporting on PUSCH    
For semi-persistent CSI (SP-CSI) reporting on PUSCH, it is 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 semi-persistent CSI reporting 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 signaling, 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 SPS, SPS activation and deactivation are implicitly indicated in DCI.  LTE SPS can be either in downlink or uplink. For downlink SPS, activation or deactivation is done with downlink DCIs and while for uplink SPS, activation or deactivation is done with uplink DCIs. For SP-CSI on PUSCH, only uplink DCI is needed. So the activation and deactivation is naturally done with uplink DCIs.
[bookmark: _Toc494755377]Like uplink SPS in LTE, activation and deactivation of SP-CSI on PUSCH are done with uplink DCI.
SPS activation and deactivation in LTE are signaled in a DCI by scrambling the CRC with a SPS C-RNTI and setting some special bit fields to certain values as shown in Table 1 and Table 2.  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.  Since SP-CSI is physical layer entity and is not related to L2 functions, SPS C-RNTI seems unnecessary for the DCI for SP-CSI activation/deactivation and for PUSCH carrying SP-CSI, regular C-RNTI can be used instead. 
[bookmark: _Toc494755378]SPS C-RNTI is not needed for DCIs for SP-CSI activation/deactivation and for the associated PUSCH.
Like LTE SPS, SP-CSI activation can be verified by gNB via decoding of SP-CSI reporting on PUSCH [3].  While for SP-CSI deactivation, an ACK is sent on PUCCH by a UE when a SP-CSI deactivation DCI is received.
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[bookmark: _Ref494615291]Table 1: Special fields for SPS activation in LTE
	
	DCI format 0

	New data indicator
	Set to ‘0’

	TPC command for scheduled PUSCH
	set to '00'

	Cyclic shift DM RS
	set to '000'

	Modulation and coding scheme 
and redundancy version
	MSB is set to '0'


 
[bookmark: _Ref494615355]Table 2: Special fields for SPS release in LTE
	
	DCI format 0

	New data indicator
	Set to ‘0’

	TPC command for scheduled PUSCH
	set to '00'


	Cyclic shift DM RS
	set to '000'


	Modulation and coding scheme 
and redundancy version
	set to '11111'

	Resource block assignment and 
hopping resource allocation
	Set to all '1's



SP-CSI reporting on PUSCH
SP-CSI can be seen 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. Unlike in LTE SPS, retransmission may not be necessary for SP-CSI. 
[bookmark: _Toc494755379]Retransmissions are not necessary for SP-CSI 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.  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 CSI payload size changes. 
[bookmark: _Toc494703357][bookmark: _Toc494704757][bookmark: _Toc494731314][bookmark: _Toc494739996][bookmark: _Toc494740005][bookmark: _Toc494743287][bookmark: _Toc494747111][bookmark: _Toc494754179][bookmark: _Toc494755153][bookmark: _Toc494755214][bookmark: _Toc494755256][bookmark: _Toc494755374]Update of the resource assignment is supported for SP-CSI on PUSCH. 
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 better reap 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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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	Like uplink SPS in LTE, activation and deactivation of SP-CSI on PUSCH are done with uplink DCI.
Observation 2	SPS C-RNTI is not needed for DCIs for SP-CSI activation/deactivation and for the associated PUSCH.
Observation 3	Retransmissions are not necessary for SP-CSI on PUSCH.
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Based on the discussion in this contribution we propose the following:
Proposal 1	SP-CSI is activated and deactivated using a similar approach as LTE SPS, details on bit fields settings are to be further studied.
Proposal 2	Use C-RNTI for SP-CSI activation and deactivation DCIs as well as for the associated PUSCH carrying SP-CSI.
Proposal 3	Update of the resource assignment is supported for SP-CSI on PUSCH.
Proposal 4	Uplink MIMO is supported for SP-CSI on PUSCH.
Proposal 5	When an SP-CSI collides with PUSCH data, SP-CSI is piggy backed on data.
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