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1. Introduction
In this document we discuss following: 
· Aperiodic CSI-RS triggering with mixed numerology
· Multiple DCIs in single MO and HARQ feedback in same codebook 
· Data rate handling for Rel-16 NR-DC 
2. Aperiodic CSI-RS triggering with mixed numerology
Due to the rushed timeline for completion of the Rel-15 non-standalone specifications, it was unfortunately overlooked in the definition of the aperiodic CSI-RS triggering procedure to take into account that the triggered CSI-RS could be associated with a carrier using a different numerology from that of the triggering PDCCH, similarly to how for instance triggering of aperiodic SRS is defined. Therefore, at the RAN#93 meeting in Shenzhen, these missing pieces of the specification were added as a set of late Rel-15 CRs under Working Agreement #29, thus completing the specification [4][5][6]. However, the Working Agreement was overturned by vote at RAN#84 and the functionality was subsequently removed from the specifications.
Since we believe that cross-carrier triggering of aperiodic CSI-RS between carriers with different numerology is essential for both FR1+FR2 CA operation as well as FR1+FR1 CA operation, this functionality should be added in Rel-16 as part of completing the work with cross-carrier scheudling with different numerologies.
Aperiodic CSI-RS triggering with mixed numerology should be added as part of completing the WI objective for cross-carrier scheudling with different numerologies in the MR/DC WI.
2.1 Motivation for introducing aperiodic CSI-RS triggering with mixed numerology
Operation in the mid and high bands can be quite challenging due to the harsher propagation conditions experienced at these frequencies, which limits the coverage region of a high band cell to be substantially smaller than that of a low band cell utilizing for instance the conventional sub-1 MHz region. The UL is especially challenged due to the lower transmission power and antenna size available at the UE compared to at the gNB. These different coverage regions are illustrated in Figure 1. 
[image: ]
[bookmark: _Ref16696057]Figure 1: Illustration of coverage region of high and low bands
Additionally, at least in FR2 (although beamformed system may also be used in  the mid-band regions of FR1), the gNB is typically restricted to time-domain beamforming only due to hardware limitations, implying that frequent beam sweeping (using multiple CSI-RS resources, where each resource corresponds to a beam) and reporting is required in order to determine the proper transmission direction to the UE. Beam reporting is a type of CSI reporting which is carried in UCI on the UL. These reports, in addition to regular CQI/PMI reports are required in order to operate the high band DL. For a standalone high band carrier, the effective DL coverage is thus essentially limited by the UL coverage, since CSI reports are required to be received on the high band UL in order to operate the high band DL. 
This issue is particularly cumbersome for operation on FR2 bands, although the same issue exists also for the mid-band regions of FR1, and the same solution can be applied for both cases. One way to substantially improve the FR2 DL coverage is to apply carrier aggregation (CA) between the FR2 carrier and a low-band FR1 carrier, so called FR1+FR2 CA and re-route the UL transmissions (including the CSI report corresponding to the FR2 carrier) to the FR1 carrier, which has a much larger coverage region than the FR2 carrier. In a network operating in such a manner, the FR2 DL coverage is no longer limited by the FR2 UL coverage, which drastically extends the coverage region and the benefit of operation in the mmWave spectrum bands. However, any practical beamformed system requires aperiodic CSI-RS to operate efficiently, since many narrow beams must be swept UE-specifically. Operating a beam sweeping system with periodic or semi-persistent CSI-RS results in unmanageable RS overhead as soon as there is a non-trivial number of UEs in the cell and is not an efficient solution in real deployments. However, in order for the FR2 CSI report based on aperiodic CSI-RS to be transmitted on the FR1 UL, it must also be triggered on the FR1 DL. This is currently not supported in NR Rel-15 since FR1 and FR2 carriers use different subcarrier spacings, and the required specification text to handle aperiodic CSI-RS triggering from a PDCCH using a different subcarrier spacing is missing.
2.2 Proposed changes
The required change is quite simple, it only boils down to scaling the slot index with the relative numerology between CSI-RS and PDDCH, which is captured by the below proposal. Note that the change s backwards compatible resulting in unchanged behaviour when the PDCCH SCS and CSI-RS SCS are equal.
Proposal 1 The aperiodic CSI-RS triggering offset is extended to be defined as , where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.

The effect of the triggering offset expression is illustrated in Figure 1 and Figure 2 below. Essentially, the slot in the CSI-RS numerology corresponds to “reference slot” where the DCI indicated slot offset X is counted relative to. The reference slot is the latest slot overlapping with the slot of the triggering PDCCH (in its numerology).
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Figure 2: Illustration of proposed slot offset determination when PDCCH SCS < CSI-RS SCS
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Figure 3: Illustration of proposed slot offset determination when PDCCH SCS > CSI-RS SCS
The proposed slot offset expression works for both the cases when the PDCCH SCS is smaller than the CSI-RS SCS and vice versa. Both cases should be covered by the specification for specification completeness. However, since the main use case for aperiodic CSI-RS triggering with mixed numerology is to send the PDCCH on an FR1 carrier (with lower SCS) triggering a CSI-RS on an FR2 carrier (with higher SCS), support for the converse case can be an optional feature.
Proposal 2 Support of aperiodic CSI-RS triggering with PDCCH SCS > CSI-RS SCS is an optional feature.

A number of UE processing relaxations, such as minimum time between PDCCH and CSI-RS when aperiodic CSI-RS is triggered is proposed to be added. The proposed restrictions are summarized in Table 1. Our suggestion is to have a technical discussion in RAN1 regarding the exact definition of these restrictions (i.e. the numerical values of the thresholds).
Proposal 3 Further discuss in RAN1 the detailed thresholds for the UE processing relaxations in Table 1.
Table 1: UE processing relaxations
	UE processing relaxations 
	Proposed value

	Number of additional symbols  added to the UE reported beamSwitchTiming
	 equal to the span of the PDCCH monitoring region 

	Minimum time  between last symbol of PDCCH and first symbol of CSI-RS 
	 equal to the span of the PDCCH monitoring region

	Restriction that PDCCH triggering aperiodic CSI-RS is not received with last Y symbols of the slot
	Y=0

	Restriction on value range of allowed triggering offset X
	X>0 when PDCCH SCS < CSI-RS SCS to avoid “non-causal” triggering



Since support of aperiodic CSI-RS triggering with mixed numerology is essential for inter-band CA to work properly, it should be mandatory to support for Rel-16 UEs with inter-band CA capability.
Proposal 4 The feature “aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS” is mandatory for Rel-16 UE with inter-band CA capability.

A text proposal implementing the proposed changes in 38.214 is given in the next section.
[bookmark: _Toc534727959]2.3 Text proposal to 38.214
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType set to 'aperiodic', 'periodic', or 'semi-persistent', trigger states for Reporting Setting(s) (configured with the higher layer parameter reportConfigType set to 'aperiodic') and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter CSI-AperiodicTriggerStateList. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with non-zero CSI request per slot. A UE is not expected to be configured with different TCI-StateId's for the same aperiodic CSI-RS resource ID configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in the same aperiodic trigger state. A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
-	When all the bits of CSI request field in DCI are set to zero, no CSI is requested.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in CSI-AperiodicTriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter reportTriggerSize where . When the HARQ/ACK corresponding to the PDSCH carrying the selection command is transmitted in the slot n, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied starting from slot .

-	When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state.
-	For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. 
-	If the scheduling offset, in the numerology of the aperiodic CSI-RS, between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than, where
-	 is the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306],
-	 if the PDCCH SCS is equal to the CSI-RS SCS and  otherwise, where  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,
 when the reported value of beamSwitchTiming is one of the values of {14, 28, 48}.
-	if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], aperiodic CSI-RS scheduled with offset larger than or equal to , when the UE reported threshold beamSwitchTiming when the reported values is one of the values {14,28,48}, periodic CSI-RS, semi-persistent CSI-RS.
-	If the scheduling offset, in the numerology of the aperiodic CSI-RS, between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is equal to or greater than, where
-	 is the UE reported threshold beamSwitchTiming, as defined in [13, TS 38.306],
-	 if the PDCCH SCS is equal the CSI-RS SCS and  otherwise, where  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively,
 the UE reported threshold beamSwitchTiming when the reported value of beamSwitchTiming is one of the values of {14,28,48}, the UE is expected to apply the QCL assumptions in the indicated TCI states for the aperiodic CSI-RS resources in the CSI triggering state indicated by the CSI trigger field in DCI.
-	A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the associated positions of the up to  trigger states in CSI-AperiodicTriggerStateList with codepoint '1' mapped to the triggering state in the first position.
For a UE configured with the higher layer parameter CSI-AperiodicTriggerStateList, if a Resource Setting linked to a CSI-ReportConfig has multiple aperiodic resource sets, only one of the aperiodic CSI-RS resource sets from the Resource Setting is associated with the trigger state, and the UE is higher layer configured per trigger state per Resource Setting to select the one CSI-IM/NZP CSI-RS resource set from the Resource Setting.
[bookmark: _Hlk500779216]When aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset  is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the range of 0 to 4 slots. The aperiodic CSI-RS is transmitted in slot , where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, the CSI-RS triggering offset  is fixed to zero.  If the PDCCH SCS is smaller than the CSI-RS SCS, the UE is not required to process aperiodic CSI-RS if there are less than   symbols between the end of the PDCCH containing the triggering DCI and the CSI-RS. If the PDCCH SCS is smaller than the CSI-RS SCS, the UE does not expect that the PDCCH carrying the triggering DCI is contained in the last Y symbols of the slot. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI. 
If interference measurement is performed on aperiodic NZP CSI-RS, a UE is not expected to be configured with a different aperiodic triggering offset of the NZP CSI-RS for interference measurement from the associated NZP CSI-RS for channel measurement.
If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI report triggered by different DCIs on overlapping OFDM symbols.

3. Multiple DCIs in single MO and feedback in same HARQ codebook 
In RAN1#97 meeting, the following agreement and conclusion were made : 
Agreements:
· For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Further discussion only for unicast DCI or not
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features

Conclusion:
If the number of valid unicast DCIs at the same monitoring occasions is increased in the UE feature discussion, further discuss whether/how to update the HARQ-ACK codebook and PUCCH resource determination.

For improved scheduling flexibility (e.g. contiguous scheduling) and efficient operation, especially in case of low SCS scheduling high SCS, it is likely that all identified alternatives would need for supporting reception of multiple valid DCIs in a monitoring occasion. Therefore, updating HARQ-ACK codebook and PUCCH resource determination for such a case seems valuable and if it is done earlier, then it can also form an input to the UE feature discussions.  

The issue of receiving multiple DCIs in a single MO and corresponding feedback multiplexing in same HARQ codebook and PUCCH resource determination has been discussed multiple times during Rel-15 (including draft TPs and proposals e.g. [1][2]).  For PUCCH resource determination, a simple rule can be considered such as start time of PDCCH and lowest absolute frequency of the PDCCH.

[bookmark: _Hlk16786937]Proposal 6: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 7: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.
4. Data Rate handling for Rel-16 NR-DC
For Rel-15, the Data rate related TBS restriction is applied on a per-FR per-CG basis. Thus, a UE configured with one cell group and with FR1+FR2 CA would have a per-FR1 cap and a per-FR2 cap. Similarly, a UE configured with two cell groups with FR1 carrier in MCG, and FR2 carriers in SCG will have a per-FR1 cap for MCG, and a per-FR2 cap for SCG. The caps are determined based on data rate value calculated from the data rate formula in 38.306 using the reported feature set(s) and band combination signalling as captured in 38.214. A per-CC cap is applied for PDSCH/PUSCH capability#2 processing time or implicit MCS based retransmissions. 
In Rel-15, the data rate partitioning (or determination) across cells groups and across frequency range is based on the feature sets consistent with the capabilities reported by the UE and described in 38.213. 
In [3], it was proposed to include a cap on per-CG basis only allowing data rate sharing across carriers in FR1 and FR2. Such a scheme can allow more scheduling flexibility at the gNB, improve overall performance, if UE implementation can handle such scenarios. 
Another aspect to consider is how data rate can be handled by MCG and SCG for carriers in same frequency range. Consider following case for a UE configured with an MCG and SCG 
· MCG in FR1 and in FR2 
· SCG in FR1 only
For FR1, since both MCG and SCG have the carriers in FR1, flexible data rate sharing as per Rel-15 based on feature sets across CGs might need some consideration since the DataRate computation for FR1 carriers in MCG and DataRate computation for FR1 carriers in SCG may together exceed the UE processing capability. This aspect needs to be also considered. 
Proposal 8: Update the data rate handling specified in 38.214 to account for case when MCG and SCG are configured with CCs in same frequency range. 

5. Conclusion

Proposal 1: Aperiodic CSI-RS triggering with mixed numerology should be added as part of completing the WI objective for cross-carrier scheduling with different numerologies in the MR/DC WI.

Proposal 2: The aperiodic CSI-RS triggering offset is extended to be defined as , where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively.

Proposal 3: Support of aperiodic CSI-RS triggering with PDCCH SCS > CSI-RS SCS is an optional feature.


Proposal 4: Further discuss in RAN1 the detailed thresholds for the UE processing relaxations in below Table. 

	UE processing relaxations 
	Proposed value

	Number of additional symbols  added to the UE reported beamSwitchTiming
	 equal to the span of the PDCCH monitoring region 

	Minimum time  between last symbol of PDCCH and first symbol of CSI-RS 
	 equal to the span of the PDCCH monitoring region

	Restriction that PDCCH triggering aperiodic CSI-RS is not received with last Y symbols of the slot
	Y=0

	Restriction on value range of allowed triggering offset X
	X>0 when PDCCH SCS < CSI-RS SCS to avoid “non-causal” triggering



Proposal 5: The feature “aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS” is mandatory for Rel-16 UE with inter-band CA capability.

Proposal 6: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 

Proposal 7: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.

Proposal 8: Update the data rate handling specified in 38.214 to account for case when MCG and SCG are configured with CCs in same frequency range. 
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