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1. Introduction

The email discussion on NR-Rel-16-UEFeatures happened pre-100bis meeting and the moderator provided preliminary list of features [1]. In this contribution we would like to reiterate our views on eMIMO features which has been already shared over email.
2. Discussion
Among the list of UE features for eMIMO, we have concerns/comments on following sub-features: 
On 16-1b:
	16-1b
	TCI state activation and spatial relation update
	1. [Support of / maximum number of lists for] Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH (FFS whether to be a separate UE feature, e.g. 16-1b)
2. [Support of / maximum number of lists for] Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS

3. [Support of / The maximum number of] PUCCH resource groups per BWP for simultaneous spatial relation update

4. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state

5. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info


In this sub-feature, UE is expected to report “maximum number of lists” for simultaneous TCI state activation and spatial relation update.  The current wording is unclear. If the intention is to report the band-combination list, then per band combination signalling may not be necessary. 

Rel-15 has the following capability signalling for supported active TCI states and active spatial relations. It needs to be clarified whether the following feature is applicable for any CC within the band of the BC or is applicable across all the CCs. 
· 2-60 Active spatial relations: Maximum total number of {unique DL RS (except for aperiodic NZP CSI-RS) and SRS without spatial relation configured, and, TCI states available for DCI triggering of aperiodic NZP CSI-RS}, for indicating spatial domain transmit filter for PUCCH and SRS for PUSCH, per BWP per CC
· 2-4 TCI states for PDSCH: 1) Support number of active TCI states per BWP per CC, including control and data 2) Maximum number of configured TCI states per CC for PDSCH
Since one of the motivation of Rel-16 simultaneous TCI state/spatial relation update across CCs is to reduce UE side complexity of tracking beams, we prefer to directly report number of different TCI states and spatial relation info across all the bands within the band combination.
Proposal 1: The “max number of lists” of simultaneous TCI states and spatial relation update is not necessary to be reported. 
Proposal 2: Support to report in 16-1b the max number of unique downlink RS resources in the active TCI states and active spatial relation info per band combination for simultaneous TCI state activation and spatial relation info.
On 16-1e:
	16-1e
	Pathloss reference RS activation via MAC CE
	1. The maximum number of configured pathloss reference RSs for PUSCH/SRS/PUCCH via MAC CE by RRC for MAC-CE based pathloss reference RS update (FFS whether to be a separate UE feature, e.g. 16-1c)
2. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC] (FFS whether to be a separate UE feature, e.g. 16-1c)
3. FFS: Number of measurement samples N to apply newly activated pathloss reference RS


On component2: Clarification is needed for “within a slot”. Pathloss measurement is L3 measurement that UE would need to filter multiple measurement samples. It makes more sense to limit the number of total number pathloss RS that UE needs to measure and filter during a period rather than limit the number within a slot.
On component3: We haven’t decided yet whether to specify this feature in RAN1 or RAN4. More discussions are needed in the upcoming meeting. Definition of this N value may also need RAN4 confirmation.

Proposal 3: Support to limit the total number of active pathloss RS across CCs.
Proposal 4: Component 3 in 16-1e should be discussed in RAN4 first.
On 16-2a:
	16-2a
	Multi-DCI based multi-TRP
	Basic components:

1. The maximum number of CORESETs configured per “PDCCH-Config”

2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”

3. The value of R=[1,2] for BD/CCESupport of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)

4. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
5. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
6. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
7. FFS: The maximum number of activated TCI states
8. FFS: The maximum number of MIMO layers of scheduled PDSCHs
9. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP
Optional components:

1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex

2. FFS: Support of two PDSCH scrambling sequences per serving cell

3. Support of default QCL assumption per CORESETPoolIndex

4. Support of separate HARQ-ACK

5. Support of joint HARQ-ACK

6. Support of two TDMed long PUCCHs in a slot




On 16-2a: The granularity of 16-2a is coarser than other features. The basic components part and the optional components part should be split into different components. 
Proposal 5: 16-2a should be split into two different parts with one part containing basic components and another part containing optional components.

On 16-2b:
	16-2b
	Single-DCI based multi-TRP
	Basic component(s):

1. FFS: Support of MAC CE to activate multiple TCI states for a TCI codepoint

2. FFS: Number of CCs supporting single-DCI based multi-TRP operation
Optional components:

1. Support of default QCL assumption with two TCI states

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Whether supporting two PTRS ports

3. FFS Support of DMRS entry {0, 2, 3}




The component of 16-2b-1 may need to be reshuffled with 16-2b. We can re-arrange the component with 16-2b only containing the basic component for single-DCI based multi-TRP and 16-2b-1 containing SDM specific components.
Proposal 6: Move the following component from 16-2b to 16-2b-1:
· Support of default QCL assumption with two TCI states
On 16-5c:
	16-5c
	UL full power transmission mode 2
	1. Supported UL full power transmission mode 2
2. Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}

3. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]. FFS on details for supported number of Tx.

4. FFS: Number of ports per SRS resource

5. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set

6. TPMI group which delivers full power. FFS on details for supported number of Tx.

Note: UE indicating mode 2 shall support full power transmission for 1 antenna port


There are two flavours of UL full power transmission mode 2, one flavour is the component 3 where multiple SRS resources in a set are configured with different number of ports for the usage set to ‘codebook’ and another flavour is the component 6 where UE reports TPMI/TPMI group which can deliver full power. In our view, these two are mutually exclusive. Since 16-5c is listed as single sub-feature, and an UE is supposed to support all components within the sub-feature, further discussion/clarification on whether component 3 and 6 are supported simultaneously or further split into 2 sub-features is needed. 
And, following agreements were reached in RAN1#99, whether capability reporting is optional or not yet to be agreed. 
Agreement

For 2 ports, number of bits to indicate TPMI(s) which can deliver UL full power: 

· 2 bits (bitmap)

· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions

Agreement

For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
· Non Coherent 2 bits

· Partial coherent 4 bits
· Additional entries on top of existing entries may be added to table 1 and table 2
· Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
And, the “Note” says UE indicating mode 2 shall support full power transmission for 1 antenna port, in our understanding 1 antenna port is 1 SRS port or single layer (scheduled by DCI 0_0) which is same as Rel-15. 

Proposal 7: Support to further split 16-5c into 2 sub-feature within one containing component 3 and another containing component 6.
On 16-6b:
	16-6b
	Low PAPR DMRS for PUCCH
	For PUCCH format 3 and/or PUCCH format 4 with transform precoding and with pi/2 BPSK modulation


The meaning of “and/or” in component 3 should be clarified, does it mean UE can indicate support of low PAPR RS for PF3 and PF4 individually? 
Proposal 8: Clarify the intention of “and/or” in 16-6b.
3. Conclusion

In this contribution we provide our views on eMIMO UE features and have the following proposals:

Proposal 1: The “max number of lists” of simultaneous TCI states and spatial relation update is not necessary to be reported. 

Proposal 2: Support to report in 16-1b the max number of unique downlink RS resources in the active TCI states and active spatial relation info per band combination for simultaneous TCI state activation and spatial relation info.
Proposal 3: Support to limit the total number of active pathloss RS across CCs.

Proposal 4: Component 3 in 16-1e should be discussed in RAN4 first.

Proposal 5: 16-2a should be split into two different parts with one part containing basic components and another part containing optional components.

Proposal 6: Move the following component from 16-2b to 16-2b-1: Support of default QCL assumption with two TCI states
Proposal 7: Support to further split 16-5c into 2 sub-feature within one containing component 3 and another containing component 6.

Proposal 8: Clarify the intention of “and/or” in 16-6b.
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