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A few details are further discussed below.


UL Phase setting related features
There are multiple features targeting some sort of phase relationship between UL transmissions: 
· 0-13 Phase coherence across non-contiguous UL symbols in slot
· 2-13 PUSCH transmission coherence
· 2-20 Beam correspondence
· 2-15a Reciprocity based PUSCH transmission
· 5-30 UL DM-RS bundling across slots
We propose clarification for each as shown below


0-13 Phase coherence across non-contiguous UL symbols in slot 

	0-13
	[bookmark: _Hlk504533533][Phase coherence across non-contiguous UL symbols in slot]
	Maintaining coherence during a single transmission of a single channel (PUSCH or PUCCH) with one or more symbol gap when
1. No power change across the gap
2. No Rx in the gap
3. No other Tx in the gap
4. No hop or RB allocation change across the gap
	
	Yes
	
	Type 1
	N.A.
	N.A.
	
	Not a feature at present.
Decide after UL PI is introduced.
	RAN1
	Optional with capability signaling


 
It is our understanding that that feature 0-13 is not in the current specification but potentially it could be discussed as a possible feature when UL pre-emption is introduced.   


2-13 PUSCH transmission coherence

	2-13
	PUSCH transmission coherence
	1. Transmission coherence
The phase difference between simultaneously transmitted ports is maintained across different slots and different channels transmitted from the same set of ports
(Does not imply reciprocity or beam correspondence)
	2-12
	
	
	Type 1
	N.A.
	N.A.
	
	
	
	Candidate values: {non-coherent, partial-non-coherent, full-coherent}



2-20 Beam correspondence
	2-20
	[bookmark: _GoBack]Beam correspondence
	1. Support Beam correspondence
(each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports)
	 
	
	
	Type 1
	N.A.
	Yes
	
	
	
	Mandatory at least for FR2
	



2-15a Reciprocity based PUSCH transmission
	2-15a
	Reciprocity based PUSCH transmission 
	Support reciprocity based PUSCH precoding 
The phase difference between simultaneously transmitted ports is derived based on phase difference between simultaneously received ports
	2-12
	
	
	Type 1
	N.A.
	N.A.
	
	
	
	Optional
	



5-30 UL DM-RS bundling
	5-30
	[UL DM-RS bundling across slots
(1, 2, 4) slot repetition] 
	Coherence across slots when the following is maintained:
· No power change across slots
· No Rx between slots
· No other Tx in the gap
· No hop or RB allocation change across slots
	
	
	
	Type 1
	Yes
	Yes
	
	
	Optional
To be deleted if DM-RS bundling not a Rel-15 feature
	



It is our understanding that 5-30 is not a Rel-15 feature. 


UL CA operation
6-6 Basic UL NR-NR CA operation
	6-6
	Basic UL NR-NR CA operation
	1) Up to16 UL carriers 
2) Same numerology across carrier for data/control channel [at a given time]
3) One PUCCH group
4) Single TAG
5) Equal CC BW for intra-band contiguous CC
6) When power scaling occurs due to simultaneous transmission across bands, maintaining phase coherence is not required
7) In intra-band contiguous UL CA, simultaneous transmission in the band is required only with identical start and end times, with no hop or with identical hop boundary
	[6-5]
	Yes
	
	N.A.
	N.A.
	N.A.
	
	This is conditioned on the support of UL CA band combination(s). The band combination definition is up to RAN4.



Proposal: 
When the UE operates contiguous UL intra-band CA, FDM’d transmissions across CCs is a requirement; however, proper power control and phase coherence is only required when the transmissions are fully aligned in time and when there is no frequency hopping or when the hop boundaries are also aligned across CCs. 

Proposal: 
For intra-band contiguous UL CA (and DL CA), the CC BWs in the band must be equal.   

 
Beam management in contiguous intra-band CA
	2-24
	SSB/CSI-RS for beam measurement 
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic / periodic / semi-persistent) to measure L1-RSRP within a slot shall not exceed MB_1 
2. The max number of SSB/CSI-RS (2Tx) resources (sum of aperiodic / periodic / semi-persistent) to measure L1-RSRP within a slot shall not exceed MB_2 
3. Supported density of CSI-RS {1 only, 3 only, both 1 and 3}
4. When intra-band NR CA is configured in a band, the UE supports a single beam management process in that band
	2-21, 2-22 or 2-23
	
	
	Type 1
	N.A.
	N.A.
	
	
	
	Support MB_1 =8 SSB/CSI-RS resources is mandatory for at least for >6Ghz bands
Support MB_2 =8 SSB/CSI-RS resources is mandatory for at least for >6Ghz bands
At least density of CSI-RS =3 is mandatory at least for FR2



Proposal: 
Due to the analog beamforming restriction, there is no need to perform individual beam management on each CC in intra-band contiguous CA. Therefore, in the UE capabilities, CCs participating in intra-band contiguous CA should be considered a single beam management entity. 

CSI-RS based RRM
It has been discussed that CSI-RS based RRM should be made mandatory because a CC can be operated without SSB. It is our understanding that RAN4 is defining a mode of operating an SCell without RRM, which can be configured for a cell without SSB, therefore support of CSI-RS based RRM is no longer necessary. 
Proposal: 
CSI-RS based RRM and derived features are optional.


 CSI complexity management
We propose limiting CSF complexity within the following framework
Similar to LTE CoMP, the scope of back-to-back A-CSI requests should be limited. Although back-top-back A-CSI requests doesn’t need to be precluded, the total number of unreported processes needs to be limited. A process is considered unreported in the full duration described as: 
· For A-CSI, starting from the PDCCH containing the request, and ending at the PUCCH/PUSCH containing the report
· For P-CSI, starting from the slot containing the reference resource, and ending at the PUCCH/PUSCH containing the report 
· For beamformed A-SRS, starting from the SRS request, and ending at the SRS transmission
In every slot, the total number of unreported CSI must be below a certain limit.  For unreported CSI above this limit, the UE is not required to report updated CSI.
In order to most efficiently utilize the available UE processing capability, we propose the following: 

Proposal: 
· The limit on unreported processes should be defined as a combined limit across all NR CCs in CA
· The limit on unreported CSI processes includes beam management, CSI-RS for beamformed SRS, aperiodic CSI, periodic CSI, semi-persistent CSI 
 
	2-33
	CSI-RS and CSI-IM reception for CSI feedback and SRS
	1. Supported max # of configured NZP-CSI-RS resources per CC, 
2. List of vectors {N, M, l},  N=Supported max # of NZP-CSI-RS resources of M port per resource in all combined unreported CSI feedback requests and SRS requests across all CCs. (When resources with different number of ports per resource are configured, the total number of all resources is determined by {N, M, l} corresponding to the largest M. l is the index of SCS. 
3. Supported max # of CSI-IM resources per CC
(Moved to 5-28a)
	2-32
	
	
	Type 3
	N.A.
	N.A.
	
	
	
	Component-1 candidate values: {from 1 to 32} 
Component-2 candidate values: 
M {from 1 to 32}
N {from 1 to 32}
Component-3 candidate values: {1-4}



DL control channel

	3-1a
	3-symbol PDCCH
	3-symbol PDCCH monitoring
	
	
	
	Type 4
	No need
	Yes
	
	
	
	Optional



Proposal: 
We propose 3-symbol PDCCH monitoring to be optional or mandatory with capability signaling.

Interpretation of Type 2 and Type 3
We propose the following: 
Proposal: 
· Unless noted otherwise, the meaning of Type 2 is ‘per virtual band per virtual band combination’
· Unless noted otherwise, the meaning of Type 3 is ‘per band per band combination’
· In the definition of Type 2 and 3, single CC is included as a ‘non-CA band combination’

CSI-RS and DM-RS overlap

	2-10a
	Downlink DMRS and CSI-RS in the same OFDM symbol with no PRB overlap
	Support processing both downlink DMRS and CSI-RS in the same OFDM symbol when there is no PRB overlap between the two
	
	
	
	Type 4 
	No
	Yes
	
	
	
	Optional

	2-10b
	Downlink DMRS and CSI-RS in the same OFDM symbol with PRB overlap
	Support processing both downlink DMRS and CSI-RS in the same OFDM symbol when there is PRB overlap between the two
	2-10a
	
	
	Type 4 
	No
	Yes
	
	
	
	Optional



Proposal: 
Processing of CSI-RS and DL DM-RS in the same OFDM symbol in a given CC is optional.

 UL LBRM

	5-31
	UL LBRM
	Limited buffer rate matching in UL
	
	Yes
	
	Type 4
	No
	No
	
	
	
	Optional



Proposal: 
The support of UL LBRM is optional.



CSI-RS switching time

	2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KB symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS). 
Further discussion on the unit of KB (in absolute time or number of symbols using data numerology)
	2-27
	
	
	Type1
	N.A.
	N.A.Yes
	
	
	
	For CSI-RS resource repetition "OFF":
- 28 for 120kHz SCS
- FFS for other SCS
For CSI-RS resource repetition "ON":
- 44 for 120kHz SCS
- FFS for other SCS
Candidate values {14, 26, 28, 42} 



When triggering P3 procedure, the UE needs additional time for turning on Rx antennas that are not currently active. This feature is relevant in FR2, where the UE may employ antenna selection among multiple candidate antennas. 

Proposal:
For the case of CSI-RS resource repetition “ON”, increase the minimum time between the DCI trigger to CSI-RS transmission by 16 slots in 120kHz SCS.   

Slot format support

In the feature list, there is no description given to feature 3-6. We propose to add the following.  

	3-6
	Dynamic SFI monitoring and dynamic UL/DL determination
	1) Adjust periodic and semi-persistent signal reception and transmission in response to detected dynamic UL/DL configuration
2) In TDD support at least one switch point per slot
	
	Yes
	
	Type 4
	No needYes
	No needYes
	
	
	
	Optional

	3-7
	More than one DL/UL switch point in a slot
	In TDD support two switch points in a slot
	
	Yes
	
	Type 4
	N.A.
TDD only
	Yes
	
	
	
	Optional



It should be clarified what supporting a particular slot format implies. It is our understanding that supporting a given slot format means that the UE can parse the slot format structure and apply appropriate gating function, for example: 
· Gate periodic SRS transmissions in symbols indicated as DL in the SFI
· Discard periodic CSI-RS measurement in symbols indicated as UL in the SFI
However, supporting the slot format doesn’t mean that the UE is necessarily capable of all transmissions/receptions in all symbols and DL/UL switches included in the slot format. 

Proposal:
Support of a slot format doesn’t mean that the UE is necessarily capable of transmissions/receptions in all symbols and DL/UL switches included in the slot format. Supporting the slot format only means that the UE can perform the procedure described in Section 11.1.1 in 36.213 to adjust its transmission/reception according to the slot format.    

Proposal:
Transmission/reception with two DL/UL switch points in a slot is optional.  

1. Conclusions
In this contribution, the following proposals have been made:

Proposal: 
When the UE operates contiguous UL intra-band CA, FDM’d transmissions across CCs is a requirement; however, proper power control and phase coherence is only required when the transmissions are fully aligned in time and when there is no frequency hopping or when the hop boundaries are also aligned across CCs. 

Proposal: 
For intra-band contiguous UL CA (and DL CA), the CC BWs in the band must be equal.   

Proposal: 
Due to the analog beamforming restriction, there is no need to perform individual beam management on each CC in intra-band contiguous CA. Therefore, in the UE capabilities, CCs participating in intra-band contiguous CA should be considered a single beam management entity. 

Proposal: 
CSI-RS based RRM and derived features are optional

Proposal: 
· The limit on unreported processes should be defined as a combined limit across all NR CCs in CA
· The limit on unreported CSI processes includes beam management, CSI-RS for beamformed SRS, aperiodic CSI, periodic CSI, semi-persistent CSI 

Proposal: 
We propose 3-symbol PDCCH monitoring to be optional or mandatory with capability signaling.

Proposal: 
· Unless noted otherwise, the meaning of Type 2 is ‘per virtual band per virtual band combination’
· Unless noted otherwise, the meaning of Type 3 is ‘per band per band combination’
· In the definition of Type 2 and 3, single CC is included as a ‘non-CA band combination’

Proposal: 
Processing of CSI-RS and DL DM-RS in the same OFDM symbol in a given CC is optional.

Proposal: 
The support of UL LBRM is optional.

Proposal:
For the case of CSI-RS resource repetition “ON”, increase the minimum time between the DCI trigger to CSI-RS transmission by 16 slots in 120kHz SCS.   

Proposal:
Support of a slot format doesn’t mean that the UE is necessarily capable of transmissions/receptions in all symbols and DL/UL switches included in the slot format. Supporting the slot format only means that the UE can perform the procedure described in Section 11.1.1 in 36.213 to adjust its transmission/reception according to the slot format.    

Proposal:
Transmission/reception with two DL/UL switch points in a slot is optional.  

Additional proposed changes are in the attached, shown as change marks. 
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