3GPP TSG-RAN WG4 Meeting #87
                                                                         R4-1806533
Busan, KR, 21th – 25th May, 2018
Agenda Item:
 7.10.4.1.1
Source:
 AT&T
Title:
Further details on intra-frequency measurement requirements without        gap in FR2
Document for:   Discussion/Approval
1 Introduction
This contribution discusses details of intra-frequency measurement requirements above 6GHz.

2 NR subcarrier spacing support above 6GHz
Section 9.2.5.3 of 38.133 describes the scheduling availability of UEs during intra-frequency measurements on FR1/2:

9.2.5.3
Scheduling availability of UE during intrafrequency measurements

UE are required to be capable of measuring without measurement gaps when the SSB is completely contained in the active bandwidth part of the UE. When the measurement signal has a different subcarrier spacing than PDSCH/PDCCH and on frequency range FR2, there are restrictions on the scheduling availability as described in the following clauses.
9.2.5.3.1
Scheduling availability of UE performing measurements with a same subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to measurements performed with a same subcarrier spacing as PDSCH/PDCCH on FR1.

9.2.5.3.2
Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1

For UE which support intraCarrierConcurrentMeas[14] there are no restrictions on scheduling availability due to measurements. For UE which do not support intraCarrierConcurrentMeas[14] the following restrictions apply due to SS-RSRP/RSRQ/SINR measurement

-
If useServingCellTimingForSync is enabled the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration 
-
If useServingCellTimingForSync is not enabled the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration
When intraband carrier aggregation is perfomed, the scheduling restrictions apply to all serving cells on the band.

Editor’s Note : Scheduling restrictions for interband carrier aggregation are FFS.

9.2.5.3.3
Scheduling availability of UE performing measurements measurements on FR2

The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequecny cell

-
The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration (it is assumed that  useServingCellTimingForSync is always enabled for FR2)
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell

-
UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, 1 data symbol before each consecutive SSB/RSSI symbols and 1 data symbol after each consecutive SSB/RSSI symbols within SMTC window duration (it is assumed that that  useServingCellTimingForSync is always enabled for FR2)
When intraband carrier aggregation is perfomed, the scheduling restrictions apply to all serving cells on the band.

Editor’s Note : Scheduling restrictions for interband carrier aggregation are FFS

As noted in the introduction of 9.2.5.3, it is a basic requirement for UEs to be able to make intra-frequency measurements without a measurement gap when the SSB is contained within the active bandwidth part of the UE. In fact, some UEs are capable of performing these measurements even when the SSB utilizes a different numerology than the PDCCH/PDSCH scheduled in the same symbols one the same serving cell or all serving cells of the band. This is a crucial requirement (which is in fact the same as LTE) since frequent measurements are needed for mobility support, and avoiding gaps/scheduling restrictions improves the efficiency of the scheduling and system performance.
However, while this requirement has been captured in 38.133 for FR1, for FR2 a scheduling restriction is applied for SS-RSRP, SS-SINR, and SS-RSRQ measurements:

The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration
This restriction for FR2 (even for SSBs and PDCCH/PDSCH with the same numerology) is problematic and imposes too strong of a restriction on the network and unnecessarily reduces UE and system capacity. This is because in an intra-band CA, the network may choose to operate in such a way that not every component carrier contains SSB transmissions. This is possible when the timing of the serving cells on different component carriers can aligned to the timing of an anchor carrier (e.g. PCell or pSCell) and frees up the symbols on those carriers (SCells) to be used for data transmissions, reducing overhead.

Figure 1 below shows an example of an intra-band CA scenario where the unused symbols on the carriers not transmitting SSBs are allocated with PDSCH transmissions (e.g. 2 or 4 symbol mini-slots depending on the SSB numerology) or are not allocated due to the scheduling restriction currently captured in 38.133. 
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Figure 1. Simultaneous SSB measurement and PDSCH reception: supported (left), no supported (right)
Considering that especially in FR2 where potentially 400MHz or 800MHz of spectrum can be allocated for a given UE, the overhead incurred from the scheduling restrictions as shown in the right side of Figure 1 can be very substantial, but can be completely avoided by supporting carriers w/o sync and supporting the same capability for simultaneous SSB measurement and PDSCH reception in FR2 as in FR1 (i.e. no restriction). 

It should also be noted that support of SCells without SSBs is a mandatory feature with capability signaling as captured in the RAN1 NR feature list [1]:

	1-10
	Support of SCell without SS/PBCH block
	1) Support SCell without SS/PBCH block


	1-1
	Yes
	Not support SCell without SS/PBCH
	Type 3
	N.A.
	N.A.
	
	Component 1) Whether or not UE is able to use SS/PBCH block from other Cells for time/frequency synchronization of SCell without SS/PBCH block
	RAN1
	
	Mandatory with capability signaling for intra-band CA
FFS: whether this feature is supported for inter band CA


One issue with simultaneous PDCCH/PDSCH reception and intra-frequency SSB measurement for NR is that the SSBs may not be QCL’d with the PDSCH, even for SSBs transmitted by the serving cell, due to the use of beamforming at the gNB. However there are mechanisms for the network to indicate a QCL relationship between a SSB and the PDCCH/PDSCH transmissions for a given UE. In addition, due the use of analog beamforming, it is expected that the same beam will be used across all intra-band carriers in FR2, which means making the use of the unused symbols straightforward for gNB scheduler implementations.
Observation 1: Intra-band CA of multiple carriers which have a QCL relationship is a typical deployment scenario for FR2.
So, in summary we propose that the scheduling restriction for intra-frequency measurement not requiring gaps should be modified for FR2 such that that the UE is not required to demodulate PDSCH on the same symbols if the PDCCH/PDSCH and SSB are not QCL.
Proposal 1: Modify the requirements in Section 9.2.5.3.3. of 38.133 as the following:
9.2.5.3.3
Scheduling availability of UE performing measurements measurements on FR2

The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequecny cell

-
The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration for SSB if the PDCCH/PDSCH to be received are not quasi co-located with the SSB to be measured (it is assumed that  useServingCellTimingForSync is always enabled for FR2)
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell

-
UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, 1 data symbol before each consecutive SSB/RSSI symbols and 1 data symbol after each consecutive SSB/RSSI symbols within SMTC window duration if the PDCCH/PDSCH to be received are not quasi co-located with the SSB to be measured (it is assumed that that  useServingCellTimingForSync is always enabled for FR2)
3 Conclusion
This contribution analyzed the requirements for intra-frequency measurements in FR2. The following observation and proposal was made:
Observation 1: Intra-band CA of multiple carriers which have a QCL relationship is a typical deployment scenario for FR2.
Proposal 1: Modify the requirements in Section 9.2.5.3.3. of 38.133 as the following:

9.2.5.3.3
Scheduling availability of UE performing measurements measurements on FR2

The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequecny cell

-
The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within SMTC window duration for SSB if the PDCCH/PDSCH to be received are not quasi co-located with the SSB to be measured (it is assumed that  useServingCellTimingForSync is always enabled for FR2)
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell

-
UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, 1 data symbol before each consecutive SSB/RSSI symbols and 1 data symbol after each consecutive SSB/RSSI symbols within SMTC window duration if the PDCCH/PDSCH to be received are not quasi co-located with the SSB to be measured (it is assumed that that  useServingCellTimingForSync is always enabled for FR2)
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