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1 Introduction
The baseline NR RRM requirements have been introduced in Rel-15. Due to the limited time and RAN4 RRM session capacity, RAN4 accepted the worst case requirement without considering further possibility of enhancement and also listed some leftovers that were not discussed in Rel-15 time frame. Some leftover requirements are later captured in a Rel-16 RRM enhancement WI [1], but some are not. In order to catch up those unaddressed RRM requirements as well as further optimize some RRM functions, it is suggested to consider some further enhancement on RRM requirements in Rel-17 time frame.
[bookmark: _GoBack]In this contribution, we first provide the justification on the proposed new WI for further RRM enhancement, followed by the new WI scope. This contribution is provided for information to RAN#87e.
2 Justifications
2.1 TCI-state switch on CSI-RS for CSI reporting
The whole Rel-15 TCI-state mechanism was designed in RAN1, covering different physical channels and reference signals. In Rel-15, RAN4 has specified the TCI-state switch requirements for PDCCH and PDSCH, triggered by either RRC, MAC or DCI. However, the TCI-state switch requirements for CSI-RS for CSI reporting was not considered neither in Rel-15 time frame nor even in Rel-16 RRM enhancement WI [1]. 
The lack of the requirement would create some problem in real network deployment, as illustrated in Figure 1. UE was under the coverage of Tx beam #0 of gNB and configured with TCI-state #0 for PDCCH, PDSCH and CSI-RS. Once UE moves to the coverage of Tx beam #1, network has to trigger TCI-state switch to TCI-state #1 for PDCCH, PDSCH and CSI-RS. The requirements on the preparation time for TCI-state switch for PDCCH and PDSCH are now ready in Section 8.10 of TS38.133. Therefore, network can expect the time that UE starts to receive PDCCH and PDSCH based on new TCI-state. However, network has no expectation on how long UE should be able to report CSI based on new TCI-state. Without a clear expectation, network has no idea whether to trust the CSI report from UE and may tend to adopt conservative MCS in scheduling, leading to throughput loss. 
[image: ]
[bookmark: _Ref31807125]Figure 1. Potential throughput loss due to no requirements for TCI-state switch for CSI-RS for CSI reporting.

The simplest way to avoid this throughput loss is to introduce the requirement about the preparation time of TCI-state switch for CSI-RS for CSI reporting. Then network can have the expectation on UE’s preparation time and even try to optimize the triggering timing for the TCI-sate switch for PDSCH, PDCCH and CSI-RS. 
[bookmark: _Ref31828127]Scope 1: Introduce UE requirements for TCI state switch of the CSI-RS for CSI reporting.

2.2 Interruption due to SRS antenna switch
The mechanism of SRS antenna switch was introduced in Rel-15 by RAN1. Detail procedure was specified in TS38.214, as captured in Appendix. The main purpose for this antenna switch is to enable the DL CSI acquisition for different number of Tx and Rx antenna pair, e.g., '1T2R', '2T4R', '1T4R', '1T4R/2T4R', or 'T=R'.
In TS38.331, the corresponding UE capabilities are specified. UE can report in a band combination whether it supports SRS antenna switch. Furthermore, UE can also inform network whether the SRS antenna switch will impact the reception on other band(s) through indicating txSwitchImpactToRx and the transmission on the other band(s) through indicating TxSwitchWithAnotherBand. 
[image: ]
The detail descriptions for txSwitchImpactToRx and TxSwitchWithAnotherBand can be found in TS38.306.
	SRS-TxSwitch
Defines whether UE supports SRS antenna port switching as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas;
-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL in the band combination that affects this DL;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL.
For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.



From UE performance perspective, impacting Rx or Tx on another band(s) implies that the interruption can be expected on other band(s) when performing SRS antenna switch. However, in current RAN4 RRM spec the corresponding interruption requirements due to SRS antenna switch are missing. This inconsistency between RAN2 and RAN4 should be avoid. Furthermore, it would be beneficial to network to know accurately the starting time and the length of the interruption in order to minimize the degradation to outer loop link adaption (OLLA). Therefore, it is desired to introduce the interruption requirements due to SRS antenna switch.
[bookmark: _Ref31828128]Scope 2: Introduce the interruption requirements due to SRS antenna switch.

2.3 Fast DCI-based BWP switch in FR2
In Rel-15, the requirement for BWP switch delay was introduced in Table 8.6.2-1 of Section 8.6 in TS38.133 for DCI-based, timer-based and RRC-based triggering methods. The current DCI and timer-based requirements depend on a per-UE capability (Type 1 or Type 2). The Type 1 delay requirements are in general within 1ms for both FR1 and FR2. The Type 2 delay requirements for FR2 are 9 slots and 18 slots for both 60KHz and 120KHz SCS, respectively, although they are the same in terms of ms. 
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots [ms])

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1 [1]
	3 [3]

	1
	0.5
	2 [1]
	5 [2.5]

	2
	0.25
	3 [0.75]
	9 [2.25]

	3
	0.125
	6 [0.75]
	18 [2.25]

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



According to current requirements, UE is not required to receive or transmit signals during the switch delay on a carrier which BWP switch occurs. That means for 60KHz and 120KHz SCS, there are going be 8 and 17 slots service suspended during BWP switch, respectively. These intervals of zero throughput on carriers which BWP switch occurs is illustrated in Figure 2. These intervals of zero throughput are obvious not desirable for the system. It is worthwhile to study the possibility of some enhancement to reduce the throughput loss by having shorter switch delay. 
[bookmark: _Ref31828130]Scope 3: Study the feasibility to introduce a shorter DCI-based BWP switch delay for FR2. Introduce the corresponding requirement, if concluded feasible.

[image: ]
[bookmark: _Ref31822825]Figure 2. Intervals of zero throughput during BWP switch on FR2 carriers with 60KHz and 120KHz SCS

2.4 Enhanced utilization of UL slots before and after measurement gap
In Rel-15, RAN4 introduced the requirement of measurement gap interruption to create a common understanding between UE and network on whether the slots cannot be used for data transmission and reception. The reference timing of measurement gap has been agreed to follow the DL subframe timing. (E.g., Note 4 in Table 9.1.2-3 of TS38.133). However, for TDD carrier with timing advance, UL slot boundary would be advanced and may not align with DL slot. According to Section 4.2 of TS38.213, the timing advance can be up to 2 slots. Therefore, the UL slot(s) right after the measurement gap may be overlapped by gap. To deal with this issue the following requirements were introduced in Section 9.1.2 of TS38.133. 
	It is up to UE implementation whether or not the UE is able to conduct transmission in the following slot(s), 
-	when MGTA is not applied, in the L consecutive UL slots with respect to the SCS of the UL carrier with the same slot indices as the DL slots occurring immediately after measurement gap
-	when MGTA is applied and the SCS of the UL carrier is other than 15kHz, in the L consecutive UL slots with respect to the SCS of the UL carrier with the same slot indices as the DL slots occurring immediately after measurement gap
-	when MGTA is applied and the SCS of the UL carrier is 15kHz, in the L consecutive UL slots with respect to the SCS of the UL carrier with the same slot indices as the DL slots occurring immediately after the slot partially overlapped with measurement gap

where UL slot denotes that all the symbols in the slot are uplink symbols, and L=1 if  for the UL transmission is less than the length of one slot; L=2 otherwise.



In principle, it is up to UE implementation on whether to conduct UL transmission on those slot(s). Therefore, network actually has no confidence on whether UE can transmit or not on those slot(s). In a conservative way network will never try to schedule UL grant on those slots. In an aggressive way network can anyway schedule the UL grants regardless of UE’s real situation. Anyhow, there is either some throughput loss or some waste of the radio resources. Note that the same issue may also happens on those slots right before measurement gap, as illustrated in Figure 3. It would be better to study a mechanism to efficiently utilize the UL slots right before and after measurement gap. 

[image: ]
[bookmark: _Ref31825839]Figure 3 UL slots partially overlapped by measurement gap

Current NR PUSCH/PUCCH scheduling is very flexible. It can occupy only a subset of the OFDM symbols in slots. But even so, network still faces the same risk. The fundamental reason leading to this issue is that network has no idea about the absolute timing difference between UE’s DL slots and UL slots. It makes network difficult to determine how many OFDM symbols are still available for UL transmission. To resolve this issue for better network efficiency, a mechanism can be studied to let network know the timing difference between UE’s DL slots and UL slots. The newly introduced measurement quantity “UE Rx – Tx time difference” in Rel-16 NR positioning could be a good start for the study. However, the solution is up to RAN4 conclusion. 
[bookmark: _Ref31828132]Scope 4: Study the method to enhance the utilization of UL slots or symbols before and after measurement gap.
3 Scope of further RRM enhancement WI
The scope of this further RRM enhancement WI are summarized as following,
Work phase:
Introduce the following requirements:
(1) TCI-state switch on CSI-RS for CSI reporting
· Introduce the delay requirements for TCI-state switch on CSI-RS for CSI reporting, including
i. New TCI state is configured for the same CSI-RS for CQI 
ii. New CSI-RS configuration with new TCI state is configured to replace the previous CSI-RS configuration
· Specify UE behavior when the TCI-state for PDSCH is different to the TCI-state for CSI-RS for CSI reporting
(2) SRS antenna switching 
· Introduce the interruption requirements due to SRS antenna switch for the following cases
i. NR SRS carrier switching impacting LTE CC
ii. NR SRS carrier switching impacting NR CC
Study phase:
Study the feasibility and the necessary to introduce the requirement for the following aspects:
(1) DCI-based BWP switch in FR2
· Study the feasibility to introduce shortened delay for the DCI-based BWP switch in FR2
i. The study should consider the conclusions of Rel-16 BWP-related feature, e.g., SCell dormancy, MIMO layer adaptation, and BWP switch in multiple CCs.
ii. According to the conclusions, corresponding RRC signaling or UE capability support may be needed.
(2) Enhanced utilization of UL slots before and after measurement gap
· Study the mechanism to allow UE to report the timing difference between gap boundary and UL slots boundary to network for the purpose of enhancing the utilization of (partial) UL slots before and after measurement gap 
i. The study should consider at least different measurement gap configurations, e.g., per-UE gap or per-FR gap, with or without measurement gap timing advance, and different timing advance groups.
ii. According to the conclusions, corresponding RRC signaling, MAC mechanism or UE capability support may be needed.
4 Conclusions
In this contribution, we provide the justification of the proposed new Rel-17 WI of further RRM enhancement with the following scope.
Scope 1: Introduce UE requirements for TCI state switch of the CSI-RS for CSI reporting.
Scope 2: Introduce the interruption requirements due to SRS antenna switch.
Scope 3: Study the feasibility to introduce a shorter DCI-based BWP switch delay for FR2. Introduce the corresponding requirement, if concluded feasible.
Scope 4: Study the method to enhance the utilization of UL slots or symbols before and after measurement gap. 
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6 Appendix
	[bookmark: _Toc525748124]6.2.1.2	UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability ('1T2R', '2T4R', '1T4R', '1T4R/2T4R', or 'T=R'):
-	up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
-	up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
-	zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
[bookmark: _Hlk493885834]-	zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slottOffset in each SRS-ResourceSet is different. Or, 
-	up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
If the indicated UE capability is '1T4R/2T4R,' the UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).
If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured or triggered with more than one SRS resource set in the same slot. If the indicated UE capability is 'T=R,' the UE shall not expect to be configured or triggered with more than one SRS resource set in the same symbol.
The value of Y is defined by Table 6.2.1.2-1.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2






image1.emf
PDCCH: TCI#0

PDSCH: TCI#0

CSI-RS for CSI reporting: TCI#0

PDCCH: TCI#1

PDSCH: TCI#1

CSI-RS for CSI reporting: TCI#1

TCI-state switch 

command

PDCCH: TCI#0

PDSCH: TCI#0

CSI-RS: TCI#0

PDCCH: TCI#1

PDSCH: TCI#1

No explicit application time 

may lead to throughput loss

Requirements on UE 

preparation time

time

?

Tx beam #0

Tx beam #1


image2.emf

image3.wmf
m


image4.emf
DCI switch 

command

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9

UE ready

Interval of zero throughput

Interval of zero throughput


image5.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


oleObject1.bin

image6.emf
DL slot boundary

UL slot boundary

Measurement gap

Fully overlapped UL slots

Partially 

overlapped UL slots

Partially 

overlapped UL slots


image7.wmf
m


oleObject2.bin

image8.wmf
[kHz]

 

15

2

×

=

D

m

f


oleObject3.bin

