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Introduction
In this paper, the following open issues are addressed regarding the CSI / beam management framework:
1. Dynamic signalling for aperiodic CSI-RS
2. Dynamic signalling for semi-persistent CSI-RS
3. Dynamic triggering of CSI
4. Hybrid CSI reporting
5. Signalling overhead analysis for typical use cases
Dynamic signalling for aperiodic CSI-RS
In RAN1#88bis, two options were identified for dynamic signalling 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: _Toc490215802][bookmark: _Toc492930246][bookmark: _Toc492933561]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.

[image: ]
[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?’ This question is addressed in Section 6 below where we examine the requirements of the CSI framework to support various use cases and scenarios. There could be two possible approaches consistent with Option 1 and 2 above.
· 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 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, one can simply select one of the S CSI-RS resource sets and the intermediate step of MAC CE is not needed.  As discussed in Section 6 below, the case with  can be achieved with 3 bits in DCI and hence DCI overhead is not a concern.  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.  In our view, 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][bookmark: _Toc490211810][bookmark: _Toc490212050][bookmark: _Toc490215804][bookmark: _Toc490251172][bookmark: _Toc492928651][bookmark: _Toc492933563]For aperiodic CSI-RS, support higher layer configuration (RRC) of CSI-RS resources in resource sets + DCI triggering one or more of the CSI-RS resource sets.

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][bookmark: _Toc490211811][bookmark: _Toc490212051][bookmark: _Toc490215805][bookmark: _Toc490251173][bookmark: _Toc492928652][bookmark: _Toc492933564]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 a 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: _Toc490215803][bookmark: _Toc492930247][bookmark: _Toc492933562]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.
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?’. 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.
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.
[bookmark: _Toc485396228][bookmark: _Toc490211812][bookmark: _Toc490212052][bookmark: _Toc490215806][bookmark: _Toc490251174][bookmark: _Toc492928653][bookmark: _Toc492933565]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: _Toc481106959][bookmark: _Toc481108973][bookmark: _Toc481592568][bookmark: _Toc481592627][bookmark: _Toc481610139][bookmark: _Toc481610431][bookmark: _Toc481612471][bookmark: _Toc481620992][bookmark: _Toc481622290]However, for more advanced CSI framework configurations, MAC CE can be discussed as an alternative.   In LTE, MAC CE is used to convey control information to the UE over MAC. Originally, a small number of MAC CE messages were defined, e.g., TA command in DL and PHR in UL. During the development of the LTE standard, more messages were defined.  Signalling over MAC CE have some properties that differ from the L1 signalling RAN1 usually defines:
1. Since the messages are transmitted over MAC, they rely on HARQ. This means that the message is protected by a CRC, and that retransmissions are possible. Furthermore, the NW will know when the UE has successfully received the message but it does not know when (which slot) the UE implement the instructions in the message unless a requirement is placed on this behaviour.
2. Due to the retransmissions, the time it takes to transmit a MAC CE message is unknown. The delay depends on how many retransmissions are required. In general of course, the delay of transmitting the MAC CE message is (at least) one slot. The time it takes until the NW receives the ACK/NAK depends on how the transmissions are allocated in the frame structure, and also on the time alignment between UL and DL. This means that it becomes somewhat tricky to use MAC CE for synchronous configurations (meaning that the exact slot when the MAC CE command is applied is known to both gNB and UE).
Hence, RAN1 should first discuss the requirements on using MAC CE for activation/deactivation of CSI-RS such as tolerable configuration delay, tolerable configuration time ambiguity window length, and reliability/consequences of a misaligned gNB/UE configuration understanding.  Based on the discussion, we make the following proposal:
[bookmark: _Toc490214813][bookmark: _Toc490215807][bookmark: _Toc490251175][bookmark: _Toc492928654][bookmark: _Toc492930240][bookmark: _Toc492930442][bookmark: _Toc492931999][bookmark: _Toc492933575]RAN1 should determine the requirements on the MAC CE signaling for the NR CSI-RS activation/deactivation use case, at least with respect to error probability, synchronized procedures and delay.

For activating and deactivating CSI-RS, it is obvious that there must be a requirement that gives the exact slot when the CSI-RS configuration is applied, since it impacts on the PDSCH to RE mapping.
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 associated with periodic CSI-RS.  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).  For semi-persistent CSI report associated with semi-persistent CSI-RS, it is desirable to be carried on PUSCH to support different CSI feedback types and/or Tx schemes in different activation period. In this case, semi-persistent CSI reporting would operation similar to SPS scheduling, which is discussed in a companion paper [3].  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][bookmark: _Toc490211814][bookmark: _Toc490212054][bookmark: _Toc490215808][bookmark: _Toc490251176][bookmark: _Toc492928655][bookmark: _Toc492933566]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][bookmark: _Toc490211815][bookmark: _Toc490212055][bookmark: _Toc490215809][bookmark: _Toc490251177][bookmark: _Toc492928656][bookmark: _Toc492933567]For hybrid CSI reporting, independent configuration of report/resource settings should be supported.
[bookmark: _Ref492931147]Signalling Overhead Analysis
In a previous contribution [4], we considered typical values for the number of reporting settings N, number of resource settings M, number of sets per resource setting S, and the number of resources per set Ks for several typical use cases. We considered beam management, LTE Class B-like operation, LTE Class A-like operation, use cases with hybrid CSI reporting, multi-TRP use cases, and use cases with carrier aggregation (CA). Note that an email discussion on this topic was held prior to and during the RAN1 NR Ad Hoc #2 meeting in Qingdao. A summary of that email discussion is contained in [5].
In this contribution, we extend the analysis of [4] to consider signalling and overhead requirements for dynamic selection of report settings and CSI-RS resource sets within one or more resource settings. Previously, we found that two of the more demanding use cases that drive the overhead are beam management and multi-TRP operation. For convenience, we repeat the analysis from [4] for those two use cases here, but leave-out the analysis for the less demanding use cases.
 
Beam Management Use Case
Figure 2 shows a concrete example of the CSI configuration for beam management. Beam management typically consists of different procedures (P1, P2, P3) executed potentially at different times. P1 is for establishment of an initial beam pair link (BPL) between the gNB and UE. One approach for this is to make use of beamformed SS resources during the RACH procedure. Another is to configure the UE with a set of periodic CSI-RS resources on which to measure and report an initial gNB Tx beam. These resources may also be used to find new beam(s) as the UE moves/rotates through. Figure 2 shows such a configuration where Report Setting 3 (periodic) is linked to Resource Setting 2 which contains a single set of 64 periodic CSI-RS resources. These could be used, for example, to perform a beam sweep of 64 beams each period.
The diagram also shows two other report settings configured for aperiodic CSI reports when the P2 or P3 procedures are executed, e.g. for UE-specific beam refinement purposes. P2 is for beam refinement of the initial coarse Tx beam, and P3 is for refinement of the UE Rx beam while the gNB Tx beam is held fixed. The aperiodic report settings are both linked to a resource setting that contains 3 sets of aperiodic CSI-RS resources. The multiple CSI-RS resource sets can be configured, for example, with different numbers of resources, corresponding to different length beam sweeps. For example, for a P2 sweep, the UE could be aperiodically triggered to measure on 3 or 5 beams (corresponding to 3 or 5 CSI-RS resources) depending on the level of refinement desired. A 3rd CSI-RS resource set is shown with 4 resources that could be used, for example, for a P3 refinement procedure where the UE tries 4 different Rx beams while the gNB holds its Tx beam constant.
[image: ]
[bookmark: _Ref485388992][bookmark: _Ref490143924]Figure 2: Example setup of CSI configuration framework for beam management
In general, for the beam management use case, the  CSI-RS resources within CSI-RS resource set  can be mapped to different OFDM symbols in the slot in case analog beamforming is used at the UE/gNB.  A CSI-RS resource is contained in one OFDM symbol and consists of either 1 or 2 ports. Additionally, Np resources can be frequency division multiplexed to support beam sweeping from Np different antenna panels/TRPs simultaneously. Hence, the number of resources  depends on Np as well as the number of available OFDM symbols in a slot that can be dedicated to CSI-RS. In a companion paper on CSI-RS design [4], we suggest up to 8 possible symbol locations in a slot for beam management CSI-RS, hence values of  to be considered could be up to 8*Np. While it is up to the implementation on exactly what sets to configure, an upper bound could be on the order of .  This could allow configuration of sets enabling beam sweeps over 2 – 8 OFDM symbols. Assuming up to Np = 4 antenna panels are used for beam sweeping, we make the following proposal:
[bookmark: _Toc490073042][bookmark: _Toc490073211][bookmark: _Toc490073678][bookmark: _Toc490081098][bookmark: _Ref490143632][bookmark: _Toc490143873][bookmark: _Toc490144045][bookmark: _Ref490144109][bookmark: _Toc490150761][bookmark: _Toc490151076][bookmark: _Toc490151173][bookmark: _Toc490151190][bookmark: _Toc490151214][bookmark: _Toc490151229][bookmark: _Toc490151276][bookmark: _Toc490151722][bookmark: _Toc490152118][bookmark: _Toc490152189][bookmark: _Toc490152273][bookmark: _Toc490152305][bookmark: _Toc492928336][bookmark: _Toc492928350][bookmark: _Toc492928489][bookmark: _Toc492928657][bookmark: _Toc492930241][bookmark: _Toc492930443][bookmark: _Toc492932000][bookmark: _Toc492933576]For the beam management use case, consider S = 8 CSI-RS resources sets per resource setting, and Ks = 2 – 32 aperiodic CSI-RS resources per resource set as a starting point.   Consider N = 3 different report settings and M = 2 different resource settings as a starting point.
[bookmark: _Ref490082329]Multi-TRP use case
Perhaps one of the more demanding use cases in terms of number of settings is a multi-TRP scenario, e.g., for NC-JT or CoMP. Figure 3 shows an exemplary CoMP scenario with 4 TRPs in a CoMP cluster. The diagram also illustrates one NZP CSI-RS transmitted from each TRP along with a total of 4 ZP CSI-RS. An NZP CSI-RS for a given TRP overlaps the ZP CSI-RSs for the other 3 TRPs. The ZP CSI-RS resources may be used by the UE for intra-cluster interference measurement purposes when forming multiple interference hypotheses, e.g., for dynamic point selection (DPS). One additional ZP CSI-RS resource is shown (white) for the purposes of interference measurement from outside the CoMP cluster
[image: ]
[bookmark: _Ref485393954]Figure 3: Exemplary CoMP scenario with 4 TRPs within a CoMP cluster
Figure 4 shows an exemplary setup of the CSI configuration framework for the 4-TRP CoMP scenario in Figure 3. The framework includes Resource Settings 1 – 4, each containing a single NZP CSI-RS resource corresponding to a given TRP. These are used for the purposes of channel measurement. Resource Setting 5 – 8 contain a single ZP CSI-RS resource used for intra-cluster interference measurement for various hypotheses of which TRPs may or may not be active. Resource Setting 9 contains a ZP CSI-RS resource for the purposes of inter-cluster interference measurement. The framework also includes 4 different report settings with one per TRP. This setup is analogous to the configuration of 4 different CSI processes in LTE. The diagram also shows dynamic selection of 1 or more report settings at a time.
The report settings can be configured in different ways depending on the use case. For a DPS use case, the UE could be triggered to report CSI corresponding to each TRP separately by triggering all 4 CSI report settings. For a given report setting corresponding to a particular TRP, the UE computes a single hypothesis by selecting the appropriate CSI-RS resource set in Resource Setting 5 which consists of the ZP CSI-RS resources corresponding to the other 3 TRPs. In a companion paper [6] we discuss this use case in more detail.
Another use case is co-ordinated scheduling/link adaptation in which the UE reports multiple hypotheses corresponding to each report setting, where the multiple hypotheses correspond to different combinations of the 3 other TRPs being on or off. Based on the multiple hypotheses, the gNB scheduler can determine the optimal combination for a given set of users. In this case, the gNB can schedule the appropriate rate since it has CSI for all hypotheses in hand.
Yet another use case is NC-JT which can use a framework quite similar to that shown in Figure 4, but with different links between the report settings and resource settings. This is discussed further in [6].
Regardless of the use case, the important observation is that in a multi-TRP scenario, both the number of report settings and the number of resource settings scales with the number of TRPs. In addition, the number of ZP-CSI-RS resources contained in some of the resource settings scales with the number of TRPs. Note that while this basic scaling is inherent for this use case, there may be ways to optimize the configuration and associated signalling overhead. Such optimizations are FFS.
[bookmark: _Toc485397539][bookmark: _Toc485415368][bookmark: _Toc485416011][bookmark: _Toc490069768][bookmark: _Toc490073046][bookmark: _Toc490073215][bookmark: _Toc490073682][bookmark: _Toc490081099][bookmark: _Toc490143874][bookmark: _Toc490144046][bookmark: _Ref490148237][bookmark: _Toc490150762][bookmark: _Toc490151077][bookmark: _Toc490151174][bookmark: _Toc490151191][bookmark: _Toc490151215][bookmark: _Toc490151230][bookmark: _Toc490151277][bookmark: _Toc490151723][bookmark: _Toc490152119][bookmark: _Toc490152190][bookmark: _Toc490152274][bookmark: _Toc490152306][bookmark: _Toc492928337][bookmark: _Toc492928351][bookmark: _Toc492928490][bookmark: _Toc492928658][bookmark: _Toc492930242][bookmark: _Toc492930444][bookmark: _Toc492932001][bookmark: _Toc492933577]For the multi-TRP use case with J TRPs, as a starting point consider N = J report settings, M = 2J + 1 resource settings, where some of the resource settings contain Ks = J - 1 resources each.

[image: ]
[bookmark: _Ref485394898]Figure 4: Exemplary setup of the CSI configuration framework for the 4-TRP CoMP scenario in Figure 3.
Preliminary Analysis of Signalling Overhead
In the previous sections we have discussed typical values N, M, S, and Ks for the beam management and multi-TRP use cases. As per the framework agreement above, one or multiple of the N reporting settings may be selected dynamically. Furthermore, one or multiple of the S resource sets may be selected dynamically from at least one of the M resource settings. Dynamic selection is relevant only in the context of aperiodic and semi-persistent reporting/resources. Periodic reporting/resources are semi-statically configured by RRC, thus dynamic selection does not apply. As always, overhead is an important consideration for dynamic signalling, especially in the case of DCI. Here we make a preliminary analysis of overhead and discuss signalling options.
Since both reporting settings and resource sets are dynamically selected, what drives the overhead is the number of reporting settings N, the total number of sets Stot contained in the union of resource settings that contain more than one set, as well as how many settings/sets are selected simultaneously, i.e., in the same signalling message. While semi-persistent reporting/resources can affect the signalling overhead, we believe that the dominant driver for overhead will be aperiodic reporting/resources. One could expect that semi-persistent reporting/resources are not triggered often, and thus could be triggered separately (at different times) from aperiodic reporting/resources. Hence, if the signalling overhead is dimensioned for aperiodic reporting/resources as a worst case, the overhead should be sufficient to handle semi-persistent. Alternatively, one could perform a dimensioning exercise assuming all reporting/resources are semi-persistent making the same assumptions on the number of resource sets as for aperiodic; however, it is likely that the end result of the overhead analysis would be the same.
As mentioned previously, two of the more demanding use cases in terms of the numbers of settings and sets are the multi-TRP use case and the beam management use case. Hence we consider the joint configuration of these two use cases in this analysis. Note that we do not consider carrier aggregation (CA) at this point, since CA has been discussed very little in the context of the CSI framework. This can be revisited at a later time. The beam management use case is demanding since it contains multiple report settings which link to a resource setting that contains multiple sets. Since both a report setting and a resource set are selected “jointly,” the number of combinations can be large, thus driving the overhead requirements. What offsets this to some extent is that typically only a single report setting is selected at a given time. In contrast, for the multi-TRP use case, more than one report setting can be selected simultaneously. However, unlike the beam management case, no set selection is required.
Despite the fact that both beam management for multi-TRP and CSI acquisition for multi-TRP would be configured jointly resulting in the number of settings and sets being the sum of those for the two use cases, it is likely that beam management and CSI acquisition for the multi-TRP scenario would be triggered in two steps at different times. This observation allows one to consider the signalling overhead requirements for each use case individually, which is what we do here.
Overhead for Multi-TRP Beam Management
For the beam management use case summarized in Proposal 2, the number of aperiodic report settings is N = 2, which both link to the same resource setting containing S = 8 resource sets (see Figure 2). For exemplary purposes, assume that two of the resource sets are used for a P3 beam sweep, corresponding to Report Setting 2, and the other 6 sets are used for a P2 beam sweep, corresponding to Report Setting 1. This results in 8 different combinations as shown in Table 1.
For exemplary purposes, assume that the two resource sets selected for the P3 beam sweep both contain 4 two-port CSI-RS resources FDM multiplexed per OFDM symbol. Here we assume the case of J = 4 TRPs. The first set contains CSI-RS resources configured in two contiguous OFDM symbols, and the second set in 4 contiguous symbols. This covers the case of a length-2 and length-4 aperiodic Rx beam sweep.
Further assume that the remaining 6 resource sets selected for a P2 beam sweep are similar, except assume that the CSI-RS resources are only single-port. Furthermore, assume that the 6 sets contain CSI-RS resources configured in 3, 4, 5, 6, 7, and 8 OFDM symbols, thus supporting various length aperiodic Tx beam sweeps.
[bookmark: _Ref490146836]Table 1: Reporting Setting / Set Index combinations required for dynamic signalling for beam management use case with J = 4 TRPs and S = 8 sets.
	Combination
	Selected
Report Setting
	Selected
Set Index
	Number of CSI-RS
Resources in set (Ks)

	0
	2
	1
	8

	1
	2
	2
	16

	2
	1
	3
	12

	3
	1
	4
	16

	4
	1
	5
	20

	5
	1
	6
	24

	6
	1
	7
	28

	7
	1
	8
	32



Here, emphasize that one may configure report settings and resource sets to be dynamically selected in a joint manner, by considering typical combinations as shown in Table 1. It is not necessary to independently trigger a report setting selection and a resource setting selection, as this could be wasteful in terms of overhead. Hence we propose the following
[bookmark: _Toc492933568]To conserve DCI overhead, report settings and resource sets may be dynamically selected in a joint fashion through mapping desired combinations to a single field in DCI. 
Based on this analysis, we observe the following:
[bookmark: _Toc490150763][bookmark: _Toc490151202][bookmark: _Toc490151272][bookmark: _Toc490151719][bookmark: _Toc490152120][bookmark: _Toc490152191][bookmark: _Toc490152275][bookmark: _Toc490152307][bookmark: _Toc492928338][bookmark: _Toc492928352][bookmark: _Toc492928491][bookmark: _Toc492928659][bookmark: _Toc492933569]For the multi-TRP beam management use case with configuration of up to J = 4 panels/TRPs and S = 8 resource sets, use 3 bits as a starting point for the overhead required to dynamically select a report setting and corresponding resource set.
Clearly, this is not a large overhead requirement, and is within the same range as the CSI request field in DCI for LTE (2 to 5 bits).
Overhead for Multi-TRP CSI Acquisition
For the multi-TRP CSI acquisition use case summarized in Proposal 3, the number of report settings is N = J = 4 for the case of 4 TRPs (see Figure 4). The key difference between this and the beam management use case considered previously is that more than one report setting may be selected simultaneously, i.e., in the same message. However, this is offset by the fact that for this use case, each resource setting contains only a single set of resources, hence dynamic set selection is not required.
For complete flexibility, it should be possible to arbitrarily select any combination of 1, 2, 3, …, N report settings. For example, with N = 4 report settings, there are a total of 15 combinations: 4 combinations of only 1 setting {1, 2, 3, 4}, 6 combinations of 2 settings {(1,2), (1,3), (1,4), (2,3), (2,4), (3,4)}, 4 combinations of 3 settings {(1,2,3), (1,2,4), (1,3,4), (2,3,4)}, and 1 combination of all 4 settings {(1,2,3,4)}. In general, the number of combinations is given by

which requires N bits to represent. So, 4 bits would be required for the case of 4 TRPs. This level of flexibility may not always be desired, so a subset of the combinations could be used instead. Say that due to UE complexity considerations, only 2 report settings are selected at the same time. In this case there would be 6 combinations, thus requiring only 3 bits to signal selection of all possible pairs of report settings. In a companion paper [8], we further discuss UE CSI computation capability in terms of the agreed CSI framework.
Based on the analysis here, we observe the following:
[bookmark: _Toc490150764][bookmark: _Toc490151203][bookmark: _Toc490151273][bookmark: _Toc490151720][bookmark: _Toc490152121][bookmark: _Toc490152192][bookmark: _Toc490152276][bookmark: _Toc490152308][bookmark: _Toc492928339][bookmark: _Toc492928353][bookmark: _Toc492928492][bookmark: _Toc492928660][bookmark: _Toc492933570]For the multi-TRP CSI acquisition use case with configuration with up to J = 4 TRPs, use 4 bits as a starting point for the overhead required to dynamically select up to J reporting settings simultaneously. If only 2 out of 4 reporting settings are selected simultaneously, 3 bits may be used as a starting point.
Again, this is not a large overhead requirement, and is within the same range as the CSI request field in DCI for LTE (2 to 5 bits).
Based on the above analysis, we propose that DCI be considered as the signalling method, similar to the CSI request mechanism in LTE for aperiodic CSI reporting. This is consistent with the previous proposals in this paper.
Conclusions
We make the following observations:
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	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.

We make the following key proposals:

Key Proposal 1	For aperiodic CSI-RS, support higher layer configuration (RRC) of CSI-RS resources in resource sets + DCI triggering one or more of the CSI-RS resource sets.
Key Proposal 2	For aperiodic CSI-RS, joint DCI triggering with aperiodic CSI reporting is supported.
Key Proposal 3	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.
Key Proposal 4	Support DCI based activation/deactivation for semi-persistent CSI.
Key Proposal 5	For hybrid CSI reporting, independent configuration of report/resource settings should be supported.
Key Proposal 6	To conserve DCI overhead, report settings and resource sets may be dynamically selected in a joint fashion through mapping desired combinations to a single field in DCI.
Key Proposal 7	For the multi-TRP beam management use case with configuration of up to J = 4 panels/TRPs and S = 8 resource sets, use 3 bits as a starting point for the overhead required to dynamically select a report setting and corresponding resource set.
Key Proposal 8	For the multi-TRP CSI acquisition use case with configuration with up to J = 4 TRPs, use 4 bits as a starting point for the overhead required to dynamically select up to J reporting settings simultaneously. If only 2 out of 4 reporting settings are selected simultaneously, 3 bits may be used as a starting point.

We make the following additional proposals:
Proposal 1	RAN1 should determine the requirements on the MAC CE signaling for the NR CSI-RS activation/deactivation use case, at least with respect to error probability, synchronized procedures and delay.
Proposal 2	For the beam management use case, consider S = 8 CSI-RS resources sets per resource setting, and Ks = 2 – 32 aperiodic CSI-RS resources per resource set as a starting point.   Consider N = 3 different report settings and M = 2 different resource settings as a starting point.
Proposal 3	For the multi-TRP use case with J TRPs, as a starting point consider N = J report settings, M = 2J + 1 resource settings, where some of the resource settings contain Ks = J - 1 resources each.
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