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Introduction
[bookmark: _GoBack]In Rel-16 NR, in order to enhance the performance of Multi-beam and Multi-TRP operation, some solutions have been designed and specified accordingly. Regarding the enhancement on Multi-beam opeartion, the aspects of reduction in latency and/or overhead for configuration signaling (QCL-related, measurements), SCell beam failure recovery (BFR), and L1-SINR have been reached. Regarding the enhancement on Multi-TRP opeartion, single-DCI based and Multi-DCI based schemes especially for PDSCH have been introduced to provide better performance and reliability [1]. In this contribution, we provide our views on some further details of Multi-beam operation in Rel-17 and remaining issues according to the current specifications of Multi-TRP deployment in Rel-16.
Further details on Multi-beam operation in Rel-17
Rel-17 NR MIMO is tasked to further enhance various aspects of multi-beam operation in FR2, including to facilitate more efficient DL/UL beam management to support a larger number of configured TCI states and rapidly select UL beam for multi-panel UE when occurs UL coverage loss due to MPE mitigation. In this section, we give our further reflection on the topic related to enhancement on multi-beam operation in Rel-17.
Beam indication/update cross-CC
In NR CA in Rel-15, the UE can be configured with up to 32 serving CCs. RRC configuration of up to 128 TCI states are required per BWP in each CC and a MAC-CE command (18 bytes in the 128 TCI case) shall activate an TCI state or a set of TCI states for PDCCH or PDSCH per CC/BWP. Therefore, for beam indication/update of multiple CC/BWPs, the overhead of RRC configuration and MAC-CE commands are huge.
In order to reduce signaling overhead, in Rel-16, the concept of CC group is introduced and one MAC-CE command is supported to update the TCI states of a CC group. However, the huge overhead of RRC configuration can still be observed. For instance, the QCL indication for PDSCH transmission is QCL Type-A + QCL Type-D, as elaborated in Table 2-1, for QCL indication of PDSCH transmission per BWP in a CC, RRC configuration of 128 TCI states requires up to 4993 bits (corresponding to 0.61kB). Due to up to 4 BWPs are supported in a CC, up to 0.61*4=2.44 kB are required for a CC. For multiple CCs, the signaling overhead of RRC configuration is summarized in Figure 2-1. It can be observed that increase of number of CCs brings significant RRC signaling overhead. Especially, for the case of 32 CCs with independent pools for each BWP of each CC, RRC overhead is up to 78.02 kB.
Observation 1: For a set of CCs, the overhead of RRC configuration of TCI state(s) is obviously huge.

Table 2-1 Bit(s) required for RRC configuration of TCI state(s) applicable to PDSCH transmission
	Element in TCI state
	The number of required bits

	TCI-StateId
	7

	QCL-Info
	ServCellIndex (OPTIONAL)
	5+1

	
	BWP-Id (OPTIONAL)
	2+1

	
	NZP-CSI-RS-ResourceId or SSB-Index
	8 or 6

	
	qcl-Type
	2

	QCL-Info (OPTIONAL)
	ServCellIndex (OPTIONAL)
	5+1

	
	BWP-Id (OPTIONAL)
	2+1

	
	NZP-CSI-RS-ResourceId or SSB-Index
	8 or 6

	
	qcl-Type
	2

	\
	Up to 7+19+20=39

	Bits required for RRC configuration of 128 TCI states (OPTIONAL)
	Up to 39*128+1=4993



[image: 图片1]
Figure 2-1 Overhead of RRC configuration required for different numbers of CCs
Furthermore, the spatial parameter can be applied across different CC/BWP, and so the QCL Type-D assumption in a CC/BWP can be directly determined according to the DL RS in the TCI state configured in another CC/BWP. Therefore, in order to save the overhead of RRC configuration, one RRC configured TCI state pool can be considered to be shared among multiple CCs/BWPs, e.g., a set of CCs/BWPs only need to be associated with a single RRC configured TCI state pool of a reference CC/BWP (e.g., a single pool for all BWPs of all CCs in Figure 2-1). 
· Spatial Rx parameter can be applied across different CC/BWP, and so the QCL Type-D assumption in a CC/BWP can be directly determined according to the DL RS in the TCI state configured in the reference CC/BWP.
· But, considering that QCL Type-A parameter can NOT be applied for cross-CC indication due to demodulation requirement for accurate time/frequency tracking, we need to further study the mechanism of determining QCL Type-A RS in a local CC/BWP according to the QCL-TypeA RS of TCI state in the reference CC/BWP.
Proposal 1: Study mechanism of sharing a RRC TCI state pool for a set of CCs.
· FFS: how to determine QCL Type-A RS across CC in such case.
· Note that QCL Type-D RS in a TCI state can be applied for all CCs in the set of CCs.
Association between TCI state and PC parameters and PUSCH port parameters
The objective of enhancement of DL/UL beam management for NR Rel-17 is to achieve a flexible beam updating scheme for DL/UL data and control transmission/reception with low signaling overhead and latency. Hence unified TCI framework for DL and UL beam indication and common beam for data and control transmission/reception for DL and UL are proposed. The Unified TCI framework for both DL and UL is proposed in our companion contribution[4]. A TCI state applied for uplink transmission needs to be associated with power control parameters. And a TCI state applied for PUSCH transmission needs to be additionally associated with SRS resource or PUSCH port parameters. Here we discuss more about association between TCI state and power control parameters, SRS resource or PUSCH port parameters.


Figure 2-2 TCI state associated with PC parameters and SRS resources
In NR Rel-15/16, a basic TCI state pool (at most 128 TCI states) is configured by RRC parameter PDSCH-Config, but can be used only for DL transmission, e.g. PDSCH, PDCCH and CSI-RS. In NR Rel-17, the TCI state pool should be also used for uplink transmission. A common TCI state pool which is a subset of the basic TCI state pool can be used for PDSCH, PDCCH, CSI-RS, PUSCH, PUCCH, and /or SRS. Considering flexibility, the common TCI state pool can be maintained by MAC CE and be used for both UL and DL for data and control signals. The TCI state pool activated for PDSCH can be considered to be the common TCI state pool. 
The power control parameter, SRS resource or PUSCH port information should be associated with the TCI state in the common TCI state pool, e.g. via the same or another MAC CE and/or RRC signaling, as shown in Figure 2-2. 
· For PUSCH, if a PUSCH transmission is indicated TCI state by a PUSCH-dedicated command e.g. DCI format 0_1, or 0_2, a TCI field may be needed in such DCI format to indicate a TCI state from the common TCI state pool. The power control parameters and SRS resource (for PUSCH port indication) associated with the TCI state can be used for the PUSCH transmission, as shown in Figure 2-2. 
· For PUCCH, the association between PUCCH resource and TCI state in the common TCI state pool can be predefined or indicated by MAC CE. UE can obtain the TCI state for PUCCH through PUCCH resource. 
For each TCI state, among power control parameters, at least associated PL-RS parameters can be shared between PUCCH and PUSCH. 
Proposal 2: for association between common TCI state pool and uplink parameters,
· The common TCI state pool should be maintained by MAC CE.
· The association between TCI state in TCI state pool and power control should be maintained by MAC CE, and at least PL-RS parameters can be shared between PUCCH and PUSCH.
· A TCI field may be needed in DCI format which scheduled PUSCH transmission to indicate a TCI state from the common TCI state pool.
· The association between PUCCH resource and TCI state in the common TCI state pool can be indicated by MAC CE.
Further details on MPE
In order to comply with relevant safety guidelines constraining human exposure to RF EMF, RAN4 have discussed the details of applying P-MPR in Rel-16 to require UE (i.e., handheld or wearable devices) to reduce its maximum Tx power in FR2 [2].
In RAN#86, one aspect in the WID of Release 17 NR FeMIMO is about the beam selection for multi-panel UE in the case of UL coverage loss mitigation due to MPE. Moreover, the baseline assumptions of MPE event have been reached in the offline discussion on EVM of Release 17 NR FeMIMO. Although most majorities have make a consensus that the candidate value of P-MPR power back-off should be 10 dB of the MPE modeling, we doubt whether this candidate value is valid in practice.
The RF EMF exposure limits specified with great safety margins, from established adverse health effects associated with excessive localized tissue heating and whole-body heat stress. Based on that, one reference result in [3] can be used to consider in the realistic transmission scenario, which is the relationship of user’s distance from the Tx antenna elements and the maximum allowed EIRP that complies with MPE. Specifically, for a UE with a maximum EIRP capability of 28 dBm, the allowed maximum EIRP should be mitigated to 12 dBm when the distance is nearly to 10 mm.
In reality, the antenna elements in a handheld or wearable wireless device can be easily and fully blocked by human tissue (i.e. hand gripping). Therefore, the distance of antenna elements and human tissue is equal to the casing thickness of handheld device, which generally is about 1mm to 2 mm. According to the relationship of max allowed EIRP and separation in [3], the value of P-MPR should be large enough when it compares with the existing value 10 dB to compliance with the RF EMF exposure regulations.
Proposal 3: Considering the actual MPE mitigation of handheld or wearable devices, the power back-off value of P-MRP modeling in Rel-17 FeMIMO EVM should be more than the existing candidate value of 10 dB.
Remaining issues for Multi-TRP in Rel-16
In Rel-15 TS 38.214, default TCI is defined for both PDSCH and aperiodic CSI-RS in the case when the time offset between PDCCH and the scheduled PDSCH/AP CSI-RS is less than a threshold [4][5]. However, in Rel-16 MTRP, default TCI is just defined for PDSCH by now. Although default TCI for AP CSI-RS was discussed, the consensus has not been achieved yet. If default TCI for AP CSI-RS cannot be completed in Rel-16 specification, we suggest to further discuss it in Rel-17.
Default TCI of AP CSI-RS for Multi-DCI
For multi-DCI based MTRP, CORESETPoolIndex is used to distinguish different TRPs. The main scenario is non-ideal backhaul between two coordinated TRPs. The scheduling by DCIs with different CORESETPoolIndex values are usually independent including aperiodic CSI-RS triggering. Therefore, in the case when the slot offset between PDCCH and the triggered CSI-RS is smaller than the threshold, the basic principle should be that default TCI state of AP CSI-RS follows Rel-15 behavior in the respective TRP.
Specially, when there is any other DL signal in the same symbol as the AP CSI-RS, if other signal is associated with the same CORESETPoolIndex as the AP CSI-RS, the UE applies the TCI-state of the other signal when receiving the AP CSI-RS. Since semi-persistent and periodic CSI-RS are not associated with any CORSETPoolIndex, the same rule can be reused to align with Rel-15 behavior.
For all other cases, the default TCI state of AP CSI-RS can follow Rel-15 behavior in the respective TRP.
Proposal 4: In multi-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming:
· If there is any other DL signal with an indicated TCI state in the same symbol as the AP CSI-RS, and the other signal  is associated with the same CORESETPoolIndex as the AP CSI-RS or is a semi-persistent or periodic CSI-RS.
·  The UE applies the QCL assumption of the other DL signal when receiving the AP CSI-RS.
· Otherwise, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS, in the latest slot in which one or more CORESETs associated with the same CORESETPoolIndex as the PDCCH triggering the AP CSI-RS within the active BWP of the serving cell are monitored.
Default TCI of AP CSI-RS for Single-DCI
In the current 38.214, for single-DCI based MTRP, if the offset between PDCCH and the corresponding PDSCH is less than the threshold and  at least one TCI codepoint contains two TCI states, the default TCI states of PDSCH are the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
However, for AP CSI-RS, the default TCI state is still unclear. Since two TCI states were not agreed for one CSI-RS resources, it is natural to select one of PDSCH default TCI states, e.g. the first one for AP CSI-RS. Especially, if the time offsets of both AP CSI-RS and PDSCH are smaller than the threshold, UE can still use at most two beams to receive both PDSCH and AP CSI-RS as shown in Figure 3-1.  Otherwise, if the default TCI state of CSI-RS is different from default TCI states of PDSCH, UE needs to support 3 beams for receiving both PDSCH and CSI-RS simultaneously, which cause unaffordable UE complexity. 
[image: ]
[bookmark: _Ref22267]Figure 3-1  UE has two receive beams
Some argument was raised in Rel-16 that two TCI states can be always used for AP CSI-RS. However, although buffering with two beams has no problem, UE needs to select one TCI state for CSI measurement. Otherwise, gNB cannot get CSI feedback for single beam based transmission. If gNB only transmits one beam, but UE estimates QCL assumptions, e.g. Doppler parameters based on two TCI states, the performance will be degraded obviously. Here we provide some simulation results as in Figure 3-2.
In the simulation, +700 and -700 Hz frequency offsets are assumed for two TRPs. Single beam is used for CSI-RS and PDSCH transmission. For blue curve, two TRS from TRP1 and TRP2 are used to estimate Doppler shift at UE side. For red curve, the correct TRS is used to estimate Doppler shift. As we can see, the performance degradation is obvious if UE estimates Doppler shift based on incorrect TRS. 
[image: IMG_256]
[bookmark: _Ref22368]Figure 3-2  Performance comparison between correct and incorrect TCI states 
Based on the above analysis, we have the following proposal.
Proposal 5: For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS.
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· If there is no known DL signal in the symbols of AP CSI-RS:
· If the indicated TCI state for the AP-CSI-RS is the same with one of the default TCI-states for PDSCH, the UE applies the TCI state indicated by the DCI.
· Otherwise, the UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
Conclusion
In this contribution, we discuss some further details and remaining issues of multi-beam and multi-TRP opeartion. The following observations and proposals are given as follows.
Observation 1: For a set of CCs, the overhead of RRC configuration of TCI state(s) is obviously huge.
Proposal 1: Study mechanism of sharing a RRC TCI state pool for a set of CCs.
· FFS: how to determine QCL Type-A RS across CC in such case.
· Note that QCL Type-D RS in a TCI state can be applied for all CCs in the set of CCs.
Proposal 2: for association between common TCI state pool and uplink parameters,
· The common TCI state pool should be maintained by MAC CE.
· The association between TCI state in TCI state pool and power control should be maintained by MAC CE, and at least PL-RS parameters can be shared between PUCCH and PUSCH.
· A TCI field may be needed in DCI format which scheduled PUSCH transmission to indicate a TCI state from the common TCI state pool.
· The association between PUCCH resource and TCI state in the common TCI state pool can be indicated by MAC CE.
Proposal 3: Considering the actual MPE mitigation of handheld or wearable devices, the power back-off value of P-MRP modeling in Rel-17 FeMIMO EVM should be more than the existing candidate value of 10 dB.
Proposal 4: In multi-DCI based M-TRP, when the scheduling offset AP CSI-RS is less than beamSwitchTiming:
· If there is any other DL signal with an indicated TCI state in the same symbol as the AP CSI-RS, and the other signal  is associated with the same CORESETPoolIndex as the AP CSI-RS or is a semi-persistent or periodic CSI-RS.
·  The UE applies the QCL assumption of the other DL signal when receiving the AP CSI-RS.
· Otherwise, the UE applies the QCL assumption used for the CORESET associated with a monitored search space with the lowest ID among all the CORESETs with the same value of CORESETPoolIndex as the PDCCH triggering the AP CSI-RS, in the latest slot in which one or more CORESETs associated with the same CORESETPoolIndex as the PDCCH triggering the AP CSI-RS within the active BWP of the serving cell are monitored.
Proposal 5: For AP CSI-RS in single-DCI based M-TRP system, when the scheduling offset AP CSI-RS is less than beamSwitchTiming.
· If there is any other DL signal in the same symbols as AP CSI-RS, the UE applies QCL assumption of the other signal to receive the AP CSI-RS.
· When other DL signal refers to PDSCH scheduled with two TCI states (with the offset larger than or equal to the threshold timeDurationForQCL), the UE applies first QCL assumption of the other signal to receive the AP CSI-RS.
· If there is no known DL signal in the symbols of AP CSI-RS:
· If the indicated TCI state for the AP-CSI-RS is the same with one of the default TCI-states for PDSCH, the UE applies the TCI state indicated by the DCI.
· Otherwise, the UE apply the first one of default TCI-states for PDSCH, i.e., the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
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