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[bookmark: OLE_LINK311]Introduction
In mail discussion [91-NR-07], the issue of aperiodic CSI-RS resources triggered by one trigger state spanning multiple slots has been raised. According to RAN1 chairman’s instruction, this meeting will further discuss on this issue and a solution with minimal RRC impact is expected. 
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]We found that this issue can be solved with minor specification impact if the agreed RRC parameter AperiodicNZP-CSI-RS-TriggeringOffset is further clarified to be defined as a bitmap. More details are given in the following section.
Discussion on issue of one triggered aperiodic CSI-RS resource set over multiple slots
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK8][bookmark: OLE_LINK9]According to the latest version of NR specification the aperiodic CSI-RS trigger offset is configured per resource set and only one resource set can be selected by one trigger state. The existing specification could not yet indicate aperiodic CSI-RS resources triggered by one trigger state spanning multiple slots. This is the issue mentioned in introduction.
Alternative solutions for the issue
In general, there are several solutions for this issue:
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK14]Alt. 1: Explicitly conclude that Rel-15 does not support aperiodic CSI-RS resources triggered by one trigger state can span multiple slots 
· Alt. 2: Explicitly conclude that aperiodic CSI-RS resources triggered by one trigger state can span multiple slots is supported. 
· Alt. 2.1: One trigger, one resource set which can span multiple slots
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK43][bookmark: OLE_LINK44] Clarify that a resource set can span more than one slot. Introduce a new RRC parameter to indicate the number of slots the resource set spans across.
· Pros: In line with the existing agreements (see footnote)
· Cons: 
· New RRC parameter is required
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Extend the range of an aperiodic resource set from one slot to multiple slots
· Alt. 2.2: One trigger, multiple resource sets. Each resource set is within one slot.
· [bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70] Modify the agreement[footnoteRef:1] so that one reporting setting can link with more than one resource set per resource setting [1: RAN1#91 meeting agreement: 
If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting). Number of one(s) in the bitmap None = 1 for CSI acquisition and beam management. 
] 

· Pros: No new RRC parameter is needed
· Cons: Not in line with the existing agreement
· Alt. 2.3 (preferred): One trigger, repetitions of one resource set in multiple slots. Each duplication of the resource set is within one slot.
· [bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK58]Extend high layer parameter AperiodicNZP-CSI-RS-TriggeringOffset from a scalar to a vector. An example is shown in Figure 1.
· Pros:
· No new RRC parameter is needed
· No need to extend the default range of an aperiodic resource set
· Cons:
· Minor RRC impact (i.e. definition of existing RRC parameter)

[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Figure 1 Example of extending AperiodicNZP-CSI-RS-TriggeringOffset from a scalar to a vector in a bitmap manner to support aperiodic CSI-RS resource set appear in multiple slots in one trigger instance



[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63]Details of Alt. 2.3: Extend high layer parameter AperiodicNZP-CSI-RS-TriggeringOffset from a scalar to a vector

	[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]RAN1 specification 38.214:
5.2.1.5.1 Aperiodic CSI
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset X is measured in slots.



[bookmark: OLE_LINK6][bookmark: OLE_LINK98][bookmark: OLE_LINK99]The description on the parameter AperiodicNZP-CSI-RS-TriggeringOffset in 38.214 is shown above. This parameter is currently a scalar quantity and can indicate only one offset. We found that if this parameter is configured via a bitmap, where each bit represents a resource set in a particular slot, aperiodic CSI-RS resources triggered by one trigger state spanning multiple slots can be indicated simultaneously with the triggering offset. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK34]The length of the bitmap M should be a fixed number, it should take into consideration the desired maximum triggering offsets and the maximum number of slots that aperiodic resources triggered in one instance would need to be spanned across. Maybe 8 bits is enough, but the maximum value of M can be discussed with 8 as a baseline.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK82][bookmark: OLE_LINK83]An example is showed in figure 1, each bit of the bitmap represent for each slot of the continuous slots start from the slot which transmit the triggering DCI. The triggering offset X is implicit indicated by the length between the first bit of the bitmap and the first bit set to ‘1’. Here, first ‘1’ set in the 3rd bit means triggering offset X=2; The 3rd bit and the 4th bit of the bitmap is set to ‘1’ , it means resources in the resource set will appear in slot n+2 and slot n+3 when it is triggered. 
If the UE needs to report CRI for these resources when a resource set is configured for appearing in multiple slots, CRI should be calculated by the formula showed below. The gNB and UE should share the same knowledge of the calculation.

[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Here,  refers to the th CSI-RS resource configured in the resource set;  refers to the number of resources contained in resource set s;  refers to the lth bit of the bits set to ‘1’ in the bitmap, and the reported resource is located in the slot that this bit represents.  
Therefore we make the following proposal:-

[bookmark: OLE_LINK28]Proposal: A bitmap is introduced in the definition of the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset.




Corresponding revised text for TS 38.214 is proposed as follows:-
[bookmark: _GoBack]
	Text proposal for TS 38.214:
5.2.1.5.1 Aperiodic CSI
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by means of a slot-level bit map in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset.in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset X is measured in slots



Conclusions
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]In this contribution we shared our view on the indication of aperiodic CSI-RS resources triggered by one trigger state on one component carrier span across multiple slots. Based on the discussion, we have the following proposal:

[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK91]Proposal: A bitmap is introduced in the definition of the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset.
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