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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN1 NR ad-hoc#3 meeting, the following agreements on QCL design across CCs and QCL assumption for different RS combinations are achieved [1]:
· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration
· Above is supported at least for CCs with same numerology in the same band from UE perspective
· FFS: Whether all or part of QCL parameters are derived from the reference CC
· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· [bookmark: _Hlk493579818]TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS
· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS
· After RRC for above 6 GHz
· RS combinations holding QCL assumptions TBD.
Moreover, for the QCL indication, the agreements below have been made [1]:
· A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS
· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes
· FFS: Value of N, where N is at most [3] bits
Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH
In this contribution, further discussion on QCL related issues, e.g., direct QCL assumption for RS pairs, configuration and indication across CC(s)/BWP(s) are elaborated. 
Potential direct QCL assumption for RSs pairs
For assisting reception and demodulation of data and control information, proper QCL association should be assigned for RSs pairs with consideration on both properties of each RS and RRC state for a target UE, e.g., RRC-connected or not. Based on the above agreements, QCL assumptions in following case should be considered:
· Case 1: Before RRC connection:
According to the current agreement, QCL association between SS and DM-RS of PDCCH/PDSCH w.r.t {average delay, delay spread, Doppler shift, Doppler spread and spatial Rx parameter} is supported. However, as the simulation results shown in Figure 1, significant difference can be observed between the estimated power delay profiles (PDPs) via SS block and full-band RS. More specifically, in the case with large delay spread (DS), the results from SS block with limited frequency resources is not sufficient to distinguish the multiple paths in the propagation environment. The performance of receiver, .e.g., 2D-MMSE or Winner filter will degrade since the DS will be underestimated if the SS is used for channel tracking on whole bandwidth. The applicable range of aforementioned QCL should be limited to certain time-frequency resource for ensuring robust performance of PDSCH/PDCCH before RRC connection which is an important initial stage.
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[bookmark: _Ref494564600]Figure 1 Illustration of estimated PDP from RS with different BW
Proposal 1: Limitation on the applicable range of time-frequency resource for QCL relationship between SS and DM-RS of PDSCH/PDCCH should be introduced.
· Case 2: After RRC connection
· Below 6 GHz
In LTE, time and frequency synchronization can be achieved by UE based estimation on Doppler shift and average delay based on SS. Considering the similar functionality of SS block in NR, the same large scale channel properties can also be derived from SS block. The corresponding QCL association between SS and TRS w.r.t {average delay, Doppler shift} can be established for assisting fine channel tracking.
For discussion about Type B QCL assumption between TRS and CSI-RS, link level simulation has been conducted to investigate the difference between estimated channel from RSs with narrow/wide beamwidth. Here wide and narrow beams are constructed from linear array with 2 and 8 elements, respectively.  As shown in Figure 2, almost only single path can be identified from the estimated PDP with narrow beam while slight multipath can be observed from the result of wide beam. The estimated delay spread will also be different.
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[bookmark: _Ref494567037]Figure 2 Illustration of estimated PDP from RS with different beamwidth
According to this phenomenon, type B QCL assumption between CSI-RS and TRS should be supported in case that different beam-widths are used between these two RSs.
· Above 6 GHz
Due to the usage of analog at both BS and UE sides, the new parameters, i.e., spatial Rx parameter is introduced to describe the spatial channel properties from UE perspective. Moreover, some specific RS, e.g., CSI-RS for BM, is introduced. For assisting the channel reception and demodulation, following QCL assumption as shown in Figure 3 can be considered: 
1. Similar to QCL association between SS and CRS in LTE, QCL association is recommended below considering the reception of TRS:
a) Option 1: {average delay, Doppler shift} e.g. if there is no spatial information or if CSI-RS for BM is used to provide spatial Rx parameter  
b) Option 2: {spatial Rx parameter, average delay, Doppler shift} e.g. if SS block is used for beam management
2. In case when CSI-RS for BM is configured, QCL association between CSI-RS and TRS w.r.t {spatial Rx parameter} is required.
3. For reception of PDCCH or PDSCH in case of absence of CSI-RS, QCL assumption w.r.t {spatial Rx parameter} should be supported between SS and DM-RS of PDCCH/PDSCH. Moreover, parameters estimated from TRS can be directly used to assist data demodulation. TRS and DM-RS can be assumed QCLed w.r.t {average delay, delay spread, Doppler spread and Doppler shift}.


[bookmark: _Ref492624877]Figure 3 Illustration of direct QCL association between RSs for PDSCH/PDCCH reception with TRS
Based on current discussion, there is possibility that TRS will not be configured in some cases. If it’s finally accepted, QCL association will be further simplified as shown in Figure 4. In this situation, the obtained channel properties from SS block can be used to assist reception of PDCCH /PDSCH. However, as discussed in case 1, the limitation on the applicable range of frequency-time resource should be further studied.wh iporcity 


[bookmark: _Ref492633598]Figure 4 Illustration of direct QCL association between RSs for PDSCH/PDCCH reception without TRS
· Case 3: UL transmission with beam correspondence 
Based on previous agreements, NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for reception of the indicated DL RS. Since spatial Rx parameter is introduced to depict the spatial channel properties observed at UE side, QCL association between CSI-RS and SRS w.r.t spatial Rx parameter can be an easy way to achieve this kind of association between DL and UL RS.
Proposal 2: The following direct QCL associations should be supported in NR:
· For below  6 GHz
· SS and TRS can be assumed to be QCLed w.r.t {Doppler shift, average delay}
· TRS and CSI-RS can be assumed to be QCLed in type B assumption ,i.e., w.r.t {Doppler shift, average delay}
· For above 6 GHz
· CSI-RS can be assumed to be QCLed with SS block
· w.r.t { spatial Rx parameter, Doppler shift, Doppler spread, average delay, delay spread} if TRS is not configured
· FFS on the applicable range of time-frequency resources 
· TRS can be assumed to be QCLed with SS block
· w.r.t {average delay, Doppler shift} if CSI-RS for BM is configured. 
· w.r.t {spatial Rx parameter, average delay, Doppler shift} if CSI-RS for BM is not configured.
· TRS can be assumed to be QCLed with DM-RS
· w.r.t {Doppler shift, Doppler spread, average delay, delay spread} if CSI-RS for CSI acquisition is not configured.
· TRS can be assumed to be QCLed with CSI-RS for BM w.r.t spatial Rx parameter
· SRS can be assumed to be QCLed with CSI-RS w.r.t spatial Rx parameter.
Signaling on QCL indication
Based on the agreements mentioned above, the N-bit indicator field in DCI can be considered to indicate DL RSs which are assumed to be QCL-ed with different DM-RS port groups of PDSCH. Moreover, whether more than M >2N candidate Transmission Configuration Indication (TCI) states can be configured via RRC signaling is still FFS. From our perspective, it’s reasonable to support this kind of configuration. For examples, for alleviating influence of blockage or UE rotation, flexible change of Tx beam for DL transmission is required.  In addition, it should allow network to flexibly change its transmission scheme with different beams according to its need for scheduling.  In this situation, multiple TCI states can be configured in RRC, and each of them is associated with one or multiple beams. The flexible changes of beam can be achieved by MAC-CE activation/de- activation of partial RRC states. 
Moreover, based on the analysis in section, QCL assumption associated to RS pairs will be changed according to configuration. Considering flexibility and overhead for indication, more than 2N TCI states can be configured and further selection can be conducted by MAC-CE and DCI.
Besides, for assisting beam training and CSI acquisition, QCL indication for CSI-RS should also be considered. The similar framework for DM-RS can be considered as illustrated in Figure 5. In this case, a pool of RRC-configured QCL states can be shared for reference RSs of QCL indication respectively for DM-RS reception and CSI-RS reception if the same reference RS can be used for  QCL indication of both purposes.


 
Figure 5 Illustration of configuration of QCL states for CSI-RS
More specifically, indication/configuration signaling of the final QCL state should be consistent with how CSI-RS resource is configured. i.e. 
· For periodic CSI-RS, QCL configuration can be directly done in RRC level via associating QCL state to the corresponding CSI-RS setting.
· For SPS CSI-RS, MAC CE signaling can be used to select the proper QCL state from RRC configuration. 
· For AP CSI-RS, DCI bit field can be used to indicate the QCL state which is selected by MAC CE from the RRC configured QCL state pool.

Proposal 3: In case that multiple QCL assumptions are supported for a RS pair, indication of the QCL assumption can be included in TCI state.
Proposal 4: For the indication of QCL assumption between DL RS antenna ports and DMRS antenna ports of DL data channel,
· A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH
· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 
· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI 
· The UE assumes that the PDSCH DMRS is QCLed with the DL RS(s) in the RS Set corresponding to the signalled TCI state 
· The value of N is at most 2 bits
Proposal 5: QCL indication for CSI-RS reception can be done as follows:
· RRC for periodic CSI-RS
· RRC+MAC CE for SPS CSI-RS, 
· RRC+MAC CE + DCI for aperiodic CSI-RS, 
QCL indication across CCs and BWPs
Based on the agreements above, the QCL indication for the source and target RSs either in the same CC or in different CCs should be supported. However, considering channel properties varying over frequency and different antenna RF conditions at both Tx and Rx sides, QCL assumption w.r.t partial parameters can be considered. For examples, in case of intra-band CA or carrier without SS block (e.g., scenario #4 listed in [2]), for time-frequency synchronization, SS-block related QCL association, such as QCL association between SS block and CSI-RS for BM/TRS w.r.t Doppler shift and average delay, can be indicated across the CCs/BWPs. 
Besides, according to our simulation results shown in [3], it can be observed that, for some UEs, due to frequency selectivity, the selected Tx and Rx beams are both varying per CC. The statistical results depict that different beam pairs are selected by each CC for more than 20% UEs. Based on the above analysis, it demonstrates that it’s difficult for TRP to determine whether the QCL w.r.t spatial Rx parameter can be indicated across CCs/BWPs or not. The corresponding association should be determined based on UE feedback. 
Proposal 6: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· QCL association between SS block and CSI-RS/TRS w.r.t Doppler shift and average delay can be indicated across CCs/BWPs 
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.
[bookmark: _GoBack]Conclusion 
In this contribution, the corresponding analysis about remaining issues on QCL in NR has been conducted with the following proposals:

Proposal 1: Limitation on the applicable range of time-frequency resource for the QCL relationship between SS and DM-RS of PDSCH/PDCCH should be introduced.
Proposal 2: The following direct QCL associations should be supported in NR:
· For below  6 GHz
· SS and TRS can be assumed to be QCLed w.r.t {Doppler shift, average delay}
· TRS and CSI-RS can be assumed to be QCLed in type B assumption ,i.e., w.r.t {Doppler shift, average delay}
· For above 6 GHz
· CSI-RS can be assumed to be QCLed with SS block
· w.r.t { spatial Rx parameter, Doppler shift, Doppler spread, average delay, delay spread} if TRS is not configured
· FFS on the applicable range of time-frequency resources 
· TRS can be assumed to be QCLed with SS block
· w.r.t {average delay, Doppler shift} if CSI-RS for BM is configured. 
· w.r.t {spatial Rx parameter, average delay, Doppler shift} if CSI-RS for BM is not configured.
· TRS can be assumed to be QCLed with DM-RS
· w.r.t {Doppler shift, Doppler spread, average delay, delay spread} if CSI-RS for CSI acquisition is not configured.
· TRS can be assumed to be QCLed with CSI-RS for BM w.r.t spatial Rx parameter
· SRS can be assumed to be QCLed with CSI-RS w.r.t spatial Rx parameter.
Proposal 4: For the indication of QCL assumption between DL RS antenna ports and DMRS antenna ports of DL data channel,
· A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication 
· M can be larger than 2N, where N is the size of the DCI field for PDSCH
· MAC-CE is used to activate 2N candidate TCI states (if M > 2N) and map the activated candidate TCI states into TCI states described by N bit DCI field for PDSCH 
· If M is equal to 2N, the candidate TCI states are mapped into TCI states in order by default. 
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI 
· The UE assumes that the PDSCH DMRS is QCLed with the DL RS(s) in the RS Set corresponding to the signalled TCI state 
· The value of N is at most 2 bits
Proposal 4: Configuration of more than 2N TCI states should be supported in RRC level and selection of 2N states can be done via MAC CE. 
Proposal 5: QCL indication for CSI-RS reception can be done as follows:
· RRC for periodic CSI-RS
· RRC+MAC CE for SPS CSI-RS, 
· RRC+MAC CE + DCI for aperiodic CSI-RS, 
Proposal 6: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· QCL association between SS block and CSI-RS/TRS w.r.t Doppler shift and average delay can be indicated across CCs/BWPs 
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.
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