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Introduction
The following issues has been identified as open in the CSI framework:
1. Dynamic signaling for aperiodic CSI-RS
2. Dynamic signaling for semi-persistent CSI-RS
3. Dynamic triggering of CSI
4. Hybrid CSI reporting
5. Aperiodic CSI reporting timing offset
In this contribution, we discuss this list of remaining details of the CSI framework.
[bookmark: _Ref178064866]Discussion
On the use of DCI versus MAC CE versus RRC signalling
The MAC CE and RRC protocols are handled by RAN2 and RAN1 does not have mandate or the expertise to make decisions on which protocol to use for e.g. activation/deactivation. What RAN1 should do is to first decide the requirement on such activation/deactivation such as 
· tolerable configuration delay 
· tolerable configuration time ambiguity window length
· reliability and consequences of a misaligned gNB/UE configuration understanding
If RAN1 finds that the DCI protocol is unable to sufficiently handle such activation/deactivation, then RAN2 should be involved and decide on a suitable signalling to meet the requirements.
[bookmark: _Toc481671063][bookmark: _Toc481703123][bookmark: _Toc481703169][bookmark: _Toc481770574][bookmark: _Toc481770839][bookmark: _Toc481770995][bookmark: _Toc481775101][bookmark: _Toc481795540][bookmark: _Toc485396225]The selection between which higher layer protocol(s) to use, e.g. to use MAC CE or RRC protocols if DCI cannot meet the requirements shall be decided by RAN2  
Dynamic signalling for aperiodic CSI-RS
In RAN1#88bis, two options were identified for dynamic signaling of aperiodic CSI-RS.
· In Option 1, CSI-RS resources within CSI-RS resource sets will be configured by higher layers.  A subset of the  CSI-RS resources within a CSI-RS resource set is activated/deactivated via MAC CE.  Then, DCI triggers one of the CSI-RS resource sets containing activated/deactivated CSI-RS resources.  Alternatively, MAC CE can be used to activate/deactivate a subset of the  CSI-RS resource sets and DCI can trigger one of the activated/deactivated CSI-RS resource sets.
· In Option 2, CSI-RS resources within CSI-RS resource sets will be configured by higher layers.  Then, DCI triggers one or more of the CSI-RS resource sets containing the higher layer configured CSI-RS resources.
It was agreed that which option to support will be based on at least the number  of CSI-RS resource sets and the number of CSI-RS resources  per resource set.  For instance, for CSI-RS resource sets containing only one (i.e., ) aperiodic CSI-RS and a relatively small number of CSI-RS resource sets (say ), the middle step of MAC CE activation/deactivation is not needed.  When the number  of CSI-RS resource sets is relatively small, the gNB can higher layer configure different selections from a CSI-RS resource pool into each CSI-RS resource set.  As shown in Figure 1, when  CSI-RS resource sets are configured with each resource set containing different selections from a CSI-RS resource pool, DCI can be used to select one of the  CSI-RS resource sets.
[bookmark: _Toc485396220]For aperiodic CSI-RS, S CSI-RS resource sets can be higher layer configured with each set containing a different selection of aperiodic CSI-RS resources and DCI can be used to select one of the S CSI-RS resource sets.
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[bookmark: _Ref481538003]Figure 1.  An example illustrating Option 2 for aperiodic CSI-RS
Option 1 is only needed if the number  of CSI-RS resource sets is very large which could result in a large DCI overhead.  However, a question that is still open is ‘what is the maximum value of  that should be supported?’ (Note that in our companion paper [3], we discuss the requirements of the CSI framework to support various use cases and scenarios).  There could be two possible approaches:
· Approach 1:  allow a large maximum value of  (for example, ) and support the intermediate step of MAC CE activation/deactivation in order to reduce the DCI overhead of log2(S) bits to select a resource set.  In this approach, a large number of CSI-RS resource sets can be higher layer configured, and MAC CE can be used to activate/deactivate a subset of the configured CSI-RS resource sets.  Then, DCI triggers one of the activated/deactivated CSI-RS resource sets.  This corresponds to Option 1.
· Approach 2:  Limit the maximum value of  to a relatively small number (for example, ).  In this approach, a bit field of 3 bits in the DCI can be used to select one of the S CSI-RS resource sets and the intermediate step of MAC CE is not needed.  If the resource settings need to be changed, this can be done by higher layer reconfiguration, if needed.  This corresponds to Option 2.
The fundamental difference between the two approaches is whether higher layer configuration with a small number S of CSI-RS resource sets is sufficient or if higher layer configuration with a large S with additional MAC CE activation/deactivation is needed.  Since using MAC CE has additional higher layer impact with RAN2 implications, RAN2 should decide the need for supporting Option 1.
[bookmark: _Toc485396221]For aperiodic CSI-RS, whether to use Option 1 or Option 2 depends on the maximum number S of CSI-RS resource sets that is required for system operation. Only if S is so large with a prohibitively large DCI payload for set selection, an additional MAC CE activation/deactivation down-selection step may be motivated.
From RAN1 perspective, we don’t see a clear use case for a very large number of CSI-RS resource sets to be configured to a UE and we thus make the following proposal:
[bookmark: _Toc481102052][bookmark: _Toc481106958][bookmark: _Toc481108972][bookmark: _Toc481592567][bookmark: _Toc481592626][bookmark: _Toc481610138][bookmark: _Toc481610430][bookmark: _Toc481612470][bookmark: _Toc481620991][bookmark: _Toc481622289][bookmark: _Toc481628868][bookmark: _Toc481628918][bookmark: _Toc481631585][bookmark: _Toc481671064][bookmark: _Toc481703124][bookmark: _Toc481703170][bookmark: _Toc481770575][bookmark: _Toc481770840][bookmark: _Toc481770996][bookmark: _Toc481775102][bookmark: _Toc481795541][bookmark: _Toc485396226]For aperiodic CSI-RS, support higher layer configuration (e.g. RRC) + DCI (Option 2).

Another remaining issue with regards to aperiodic CSI-RS is whether joint DCI triggering of aperiodic CSI-RS and aperiodic CSI reporting is supported.  Since it is already agreed that aperiodic CSI reporting is triggered by DCI and given that aperiodic CSI-RS is ‘single-shot’, we make the following proposal:
[bookmark: _Toc481770997][bookmark: _Toc481775103][bookmark: _Toc481795542][bookmark: _Toc485396227]For aperiodic CSI-RS, joint DCI triggering with aperiodic CSI reporting is supported.

Dynamic signalling for semi-persistent CSI-RS
For semi-persistent CSI-RS, some companies have argued that MAC CE based activation/deactivation has better reliability when compared to DCI based activation/deactivation.  In [1], a DCI based activation of semi-persistent CSI-RS scheme is discussed where DTX detection of a first CSI report can be used to ensure reliability.  In our companion contribution [2], we provide a comparison of reliability associated with MAC CE based CSI-RS activation and that associated with DCI based activation for LTE. 
As discussed in [2], in the case of MAC CE activation, a DL DCI is needed to trigger a PDSCH resource which contains the MAC CE activation message.  If the UE misses this DCI message, then the UE does not receive the MAC CE activation message.  This is similar to the case when the UE misses the DCI in the DCI based CSI-RS activation.  It is further noted in [2] that in the DCI based activation method of [1], it is sufficient for the gNB to detect the presence of a first CSI report (i.e., DTX).  Hence, in [2], we make the following observation:
[bookmark: _Toc485396222]DCI based activation of semi-persistent CSI-RS with DTX detection of a first CSI report can provide sufficient reliability when compared to MAC CE based activation of semi-persistent CSI-RS, hence the open issue can be solved solely by DCI.
The main benefit of DCI based activation/deactivation is that it allows semi-persistent CSI-RS to be activated/deactivated more quickly than MAC CE.  It should be noted that when the number of CSI measurement instances (i.e., number of ‘shots’) in the semi-persistent CSI-RS is small, the MAC CE based activation delay can be significant when compared to the total semi-persistent CSI-RS allocation window length.  Figure 2 shows that the activation delay can still be significant when compared to the semi-persistent CSI-RS allocation window length for different number of CSI measurement instances.
[bookmark: _Toc478121833][bookmark: _Toc485396223]DCI based activation of semi-persistent CSI-RS provides better control of the time gap between activation and semi-persistent CSI-RS than MAC CE based activation.
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[bookmark: _Ref481622354]Figure 2.  Illustration of MAC CE based activation delay to semi-persistent CSI-RS allocation window length ratio (assumption:  Tp = 5ms and X=8ms where values taken from LTE).
  
Whether DCI based activation/deactivation results in large DCI overhead depends on the number of semi-persistent resource settings and the number of CSI-RS resource sets in those resource settings.  Hence, when the number of semi-persistent resource settings are below a certain value where DCI overhead is less of a concern, DCI based activation/deactivation should be supported for semi-persistent CSI-RS.  A key question then is ‘what is the maximum number of semi-persistent resource settings and the maximum number of CSI-RS resource sets in those resource settings?’ (Note that in our companion paper [3], we discuss the requirements of the CSI framework to support various use cases and scenarios).  There could be two approaches:
· Approach 1:  Configure by higher layers a large number of semi-persistent resource settings/CSI-RS resource sets and support MAC CE activation/deactivation.
· Approach 2:  Configure by higher layers a relatively small number of semi-persistent resource settings/CSI-RS resource sets and support DCI based activation/deactivation.  DCI overhead will not be a concern in this approach.  If the resource settings need to be changed, this can be done by higher layer reconfiguration, if needed.
The fundamental difference between the two approaches is whether higher layer configuration with a small number of semi-persistent CSI-RS resource settings/resource sets with DCI activation/deactivation is sufficient or if higher layer configuration of a larger number of resource settings/resource sets with MAC CE activation/deactivation is needed.  Since using MAC CE has additional higher layer impact with RAN2 implications, RAN2 should decide whether to support MAC CE based activation/deactivation.
[bookmark: _Toc485396224]For semi-persistent CSI-RS, a fundamental question is whether higher layer configuration with a small number of resource settings/ CSI-RS resource sets with DCI activation/deactivation is sufficient or if higher layer configuration of a larger number of resource settings/ CSI-RS resource sets with MAC CE activation/deactivation is needed.

It should be noted that DCI is used for triggering SPS PDSCH.  Hence, for simple CSI framework configurations where either one or a small number of semi-persistent resource settings/CSI-RS resource sets are needed, DCI overhead is not a concern and DCI is used to trigger semi-persistent CSI-RS.  However, for more advanced CSI framework configurations, the DCI overhead needs to be analyzed and if DCI overhead is found to be concern, then RAN2 shall make a decision if and how it is possible to utilize higher layer protocols to solve the issue.  Based on the discussion above, we make the following proposals:
[bookmark: _Toc485396228]For simple CSI framework configurations involving either one or a small number of semi-persistent resource settings/CSI-RS resource sets, at least DCI should be supported to trigger semi-persistent CSI-RS.

[bookmark: _Toc481628869][bookmark: _Toc481628919][bookmark: _Toc481631586][bookmark: _Toc481671065][bookmark: _Toc481703125][bookmark: _Toc481703171][bookmark: _Toc481770576][bookmark: _Toc481770841][bookmark: _Toc481770998][bookmark: _Toc481775104][bookmark: _Toc481795543][bookmark: _Toc485396229][bookmark: _Toc481106959][bookmark: _Toc481108973][bookmark: _Toc481592568][bookmark: _Toc481592627][bookmark: _Toc481610139][bookmark: _Toc481610431][bookmark: _Toc481612471][bookmark: _Toc481620992][bookmark: _Toc481622290]Analyze the DCI overhead for DCI based activation/deactivation for semi-persistent CSI-RS for more advanced CSI framework configurations and if DCI overhead is found to be a concern, then RAN2 shall make a decision if and how it is possible to utilize higher layer protocols to solve the issue with the requirements decided by RAN1.


Dynamic triggering for semi-persistent CSI
Similar to semi-persistent CSI-RS, a DCI based trigger can be used for activation/deactivation of semi-persistent CSI reports.  As discussed in [1], DTX detection of the first semi-persistent CSI report at the gNB can be used to verify that the UE received the DCI activation successfully.  DTX detection can be used after the last semi-persistent CSI report to verify that the UE received the DCI deactivation successfully (i.e., verify that the UE does not send reports after deactivation).  Hence, we make the following proposal:
[bookmark: _Toc481628871][bookmark: _Toc481628921][bookmark: _Toc481631588][bookmark: _Toc481671066][bookmark: _Toc481703127][bookmark: _Toc481703172][bookmark: _Toc481770577][bookmark: _Toc481770842][bookmark: _Toc481770999][bookmark: _Toc481775105][bookmark: _Toc481795544][bookmark: _Toc485396230]Support DCI based activation/deactivation for semi-persistent CSI.

Hybrid CSI reporting
In Rel-14 eFD-MIMO, two mechanisms were introduced for Hybrid CSI reporting (i.e., Class A+Class B K=1 and Class B K>1+Class B K=1).  One open item with regards to hybrid CSI reporting is whether joint or separate configuration of report/resource settings should be supported.  In our view, independent configuration of report/resource settings provide the required flexibility while reducing standardization effort that would otherwise be needed if joint configuration is to be supported.  Hence, we make the following proposal:

[bookmark: _Toc478007816][bookmark: _Toc478041624][bookmark: _Toc478034655][bookmark: _Toc478038851][bookmark: _Toc478141109][bookmark: _Toc478142793][bookmark: _Toc478142867][bookmark: _Toc478146009][bookmark: _Toc478146172][bookmark: _Toc481102055][bookmark: _Toc481106961][bookmark: _Toc481108975][bookmark: _Toc481592570][bookmark: _Toc481592629][bookmark: _Toc481610141][bookmark: _Toc481610433][bookmark: _Toc481612473][bookmark: _Toc481620994][bookmark: _Toc481622292][bookmark: _Toc481628872][bookmark: _Toc481628922][bookmark: _Toc481631589][bookmark: _Toc481671067][bookmark: _Toc481703128][bookmark: _Toc481703173][bookmark: _Toc481770578][bookmark: _Toc481770843][bookmark: _Toc481771000][bookmark: _Toc481775106][bookmark: _Toc481795545][bookmark: _Toc485396231]For hybrid CSI reporting, independent configuration of report/resource settings should be supported.

Aperiodic CSI reporting timing offset
An open issue that still remains is whether to support fixed or configurable aperiodic CSI reporting timing offset Y.  From a network configuration flexibility perspective, a configurable CSI reporting timing offset is desired.  However, the UE computational effort should also be considered when setting the supported values of Y.  For instance, when the number of CSI-RS antenna ports measured is 2 or 4 and the feedback type is Type 1, then it is desirable to support fast CSI reporting with Y = 0.  Hence, we make the following proposal:

[bookmark: _Toc481108976][bookmark: _Toc481592571][bookmark: _Toc481592630][bookmark: _Toc481610142][bookmark: _Toc481610434][bookmark: _Toc481612474][bookmark: _Toc481620995][bookmark: _Toc481622293][bookmark: _Toc481628873][bookmark: _Toc481628923][bookmark: _Toc481631590][bookmark: _Toc481671068][bookmark: _Toc481703129][bookmark: _Toc481703174][bookmark: _Toc481770579][bookmark: _Toc481770844][bookmark: _Toc481771001][bookmark: _Toc481775107][bookmark: _Toc481795546][bookmark: _Toc485396232]For aperiodic CSI reporting, support configurable timing offset Y, and Y=0 should be supported at least when the number of CSI-RS antenna ports measured is 2 or 4 and the feedback type is Type 1.

Conclusions
In this contribution, we discuss remaining details of the CSI framework.  Based on the discussion in Section 2, we make the following observations and proposals:

Observation 1	For aperiodic CSI-RS, S CSI-RS resource sets can be higher layer configured with each set containing a different selection of aperiodic CSI-RS resources and DCI can be used to select one of the S CSI-RS resource sets.
Observation 2	For aperiodic CSI-RS, the fundamental difference between Option 1 and Option 2 depends on whether the maximum number S of CSI-RS resource sets that is required for system operation is so large with a prohibitively large DCI payload for set selection to motivate an additional MAC CE activation/deactivation down-selection step.
Observation 3	DCI based activation of semi-persistent CSI-RS with DTX detection of a first CSI report can provide sufficient reliability when compared to MAC CE based activation of semi-persistent CSI-RS, hence the open issue can be solved solely by DCI.
Observation 4	DCI based activation of semi-persistent CSI-RS provides better control of the time gap between activation and semi-persistent CSI-RS than MAC CE based activation.
Observation 5	For semi-persistent CSI-RS, a fundamental question is whether higher layer configuration with a small number of resource settings/ CSI-RS resource sets with DCI activation/deactivation is sufficient or if higher layer configuration of a larger number of resource settings/ CSI-RS resource sets with MAC CE activation/deactivation is needed.

Proposal 1	The selection between which higher layer protocol(s) to use, e.g. to use MAC CE or RRC protocols if DCI cannot meet the requirements shall be decided by RAN2
Proposal 2	For aperiodic CSI-RS, support higher layer configuration (e.g. RRC) + DCI (Option 2).
Proposal 3	For aperiodic CSI-RS, joint DCI triggering with aperiodic CSI reporting is supported.
Proposal 4	For simple CSI framework configurations involving either one or a small number of semi-persistent resource settings/CSI-RS resource sets, at least DCI should be supported to trigger semi-persistent CSI-RS.
Proposal 5	Analyze the DCI overhead for DCI based activation/deactivation for semi-persistent CSI-RS for more advanced CSI framework configurations and if DCI overhead is found to be a concern, then RAN2 shall make a decision if and how it is possible to utilize higher layer protocols to solve the issue with the requirements decided by RAN1.
Proposal 6	Support DCI based activation/deactivation for semi-persistent CSI.
Proposal 7	For hybrid CSI reporting, independent configuration of report/resource settings should be supported.
Proposal 8	For aperiodic CSI reporting, support configurable timing offset Y, and Y=0 should be supported at least when the number of CSI-RS antenna ports measured is 2 or [4] and the feedback type is Type 1.
[bookmark: _In-sequence_SDU_delivery]
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