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[bookmark: _Ref521334010]Introduction
In this contribution, we discuss Rel-17 TEI proposals on SSB resource for RLM and HARQ-ACK feedback enhancements for TDD-FDD CA.
Discussion
SSB resources for RLM (Supported by CATT, Ericsson)
A UE is required to monitor the downlink radio link quality of the primary cell to indicate out-of-sync/in-sync status to higher layers. The reference signals for radio link monitoring (RLM) can be SSB or CSI-RS, which are configured by RadioLinkMonitoringRS. Each RadioLinkMonitoringRS corresponds to a resource, either SSB or CSI-RS, for the radio link failure detection. 
For a UE that supports the use of CSI-RS for RLM, if the UE is not provided with RadioLinkMonitoringRS, the UE can use the CSI-RS provided for the active TCI state for PDCCH receptions as the RLM resources. However, not all UEs have the capability to support the use of CSI-RS for RLM. For a UE that does not have the capability, the UE can only use the SSBs explicitly configured through RadioLinkMonitoringRS as the RLM resources.
However, a UE can only be configured with up to [image: ] SSB resources for RLM as shown in Table 1, where [image: ]  is much smaller than the maximum number of SSBs [image: ]from a serving cell. In this case, a UE may undesirably declare the radio link failure (RLF), if it cannot detect the SSBs configured by RadioLinkMonitoringConfig, even if it can receive one or more other SSBs from the serving cell properly. The issue was already identified in the real deployment scenarios even for FR1. It requires the network to very frequently re-configure the RLM SSBs for a moving UE to avoid the UE undesirably declares the RLF.

Table 1: [image: ] as a function of maximum number [image: ](TS 38.213)
	[image: ]
	[image: ]

	4
	2

	8
	4

	64
	8


A potential solution for the above issue could be that if a UE cannot receive the SSBs configured by RadioLinkMonitoringConfig for radio link monitoring, but it has detected the SSBs from the same serving cell, the UE will use the detected SSBs with the maximum RSRP from the same serving cell for RLM instead of declaring the RLF. With this approach, it will provide the gNB enough time to re-configure the RadioLinkMonitoringConfig with the SSBs reported from the UE in RRM measurements, and reduce the probability of triggering the unnecessary RLF procedure. 
In our view, the proposed solution has the following advantages:
1) It does not increase the number of SSBs for RLM or other purposes at any given time because it simply uses an already detected non-RLM SSB for RLM when UE cannot detect configured RLM SSBs;
2) It has no impact on other procedures (e.g., beam management, PDCCH channel, beam failure recovery, etc.). RLM is UE’s internal operation based on the hypothetical PDCCH BLER rates derived from UE based on SINR of the monitored SSB, and it is not related to any procedures and signaling related data communication.
3) It may potentially reduce the RLM operation complexity when it is used properly, since it may allow reducing the number of SSBs configured for RLM for some scenarios without too much concern on UE to prematurely declare RLF, especially for slow-moving or stationary UEs.

Proposal 1: When a UE cannot detect any of the SSBs configured in RadioLinkMonitoringConfig for radio link monitoring for a serving cell, but it has detected one or more other SSBs from the same serving cell, the UE should use the detected SSB with the maximum RSRP as the RLM resource.

HARQ-ACK feedback enhancements for CA (Supported by CATT, CMCC, Ericsson, Huawei)
In Rel-15/16, the slot offset between dynamic PDSCH and PUCCH is indicated by PDSCH-to-HARQ_feedback timing indicator field in scheduling DCI. For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ_feedback timing indicator field values map to up to eight values provided by dl-DataToUL-ACK (a.k.a K1) ranging from 0 to 15.
In this section, we discuss HARQ-ACK feedback enhancements to support more than eight K1 values to solve the problem of HARQ-ACK feedback in CA in the real NR deployment. 
We first discuss the problem of HARQ-ACK feedback enhancements for TDD-FDD CA with TDD UL-DL configuration and SCS configurations shown in Figure 1, which is the real deployment with 2.6GHz+700MHz carrier frequencies.


[bookmark: _Ref76479840]Figure 1: Target TDD-FDD CA configuration
The following agreement was agreed in RAN1#106-e meeting for HARQ-ACK timing in case UL SCS>DL SCS in Rel-16.
Agreement
Confirm the RAN1#105-e working assumption with the following modification (in RED):
For HARQ-ACK timing in Rel-16 with slot-based HARQ-ACK feedback, in case UL SCS is larger than DL SCS, k = 0 corresponds to the last UL slot that overlaps with the DL slot for the PDSCH.
· Further discuss the HARQ-ACK timing for sub-slot-based HARQ-ACK feedback
· FFS specification impact

For the target DL dominate TDD configuration shown in Figure 1, a relatively large number of K1 values needs to be configured to cover the potential PDSCH transmissions in all the slots on PCell and SCell. Accroding to the above agreement, in Rel-16 if the HARQ-ACKs for all the PDSCH transmissions are transmitted only in one UL slot in an UL-DL configuration periodicity, nine K1 values are required as shown in Figure 2, which exceed the maximum number of K1 values that can be configured in Rel-15/16. 


[bookmark: _Ref76483842]Figure 2: Required K1 values for the target TDD-FDD CA configuration if HARQ-ACK feedback only in one slot between the two UL slots in an UL-DL configuration periodicity
Otherwise, if HARQ-ACK for all the PDSCH transmissions can be transmitted in both UL slots in an UL-DL configuration periodicity, up to eight K1 values are sufficient. For example, a set of eight K1 values of {2, 3, 4, 5, 6, 7, 8, 9} can be configured as shown in Figure 3.


[bookmark: _Ref76480469]Figure 3: Example of K1 configurations for the target TDD-FDD CA with HARQ-ACK feedback in both UL slots in an UL-DL configuration periodicity
However, according to the restriction defined in TS38.213 clause 9, a UE does not expect to transmit PUCCHs with HARQ-ACK in the two consecutive UL slots on PCell and a PUSCH on SCell overlapping in time with the two PUCCH transmissions. Therefore, either gNB avoids scheduling PUSCH on SCell overlapping with two PUCCH transmissions on PCell which results in scheduling restriction and UE uplink throughput reduction, or gNB avoids scheduling two PUCCH transmissions via scheduling PDSCH in a subset of the DL slots which would also result in scheduling restriction and UE DL throughput reduction.
	


A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 



In addition, the above agreement applies to Rel-16 which is different from Rel-15. For Rel-15, one more additional K1 is required for the PDSCHs ending in the first UL slot within an UL-DL configuration periodicity with reference to the UL numerology. Therefore, even if HARQ-ACK for all the PDSCH transmissions can be transmitted in both UL slots in an UL-DL configuration periodicity, more than eight K1 values are required to cover the PDSCH transmissions in all the slots.

[bookmark: _GoBack]We then discuss another CA case with 2.6GHz+4.9GHz carrier frequencies with unaligned frame boundary as shown in Figure 4. It can be observed that up to 8 K1 values cannot support HARQ-ACK feedback for all the DL slots.
[image: cid:image012.png@01D7B518.D3937D60]
Figure 4: Required K1 values for the target 2.6-4.9GHz CA with unaligned frame boundary

In order to solve the HARQ-ACK feedback problem analyzed above, the most straightforward and the simplest solution is to support 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1. It is a simple extension and has minimal specification impact. It is noted that the similar proposal is under discussion in Rel-17 NTN WI but the views are quite divergent from companies [2]. In addition, even if it is supported in NTN, it is not clear whether it is applicable to non-NTN scenario. Therefore, we have the following proposal.
Proposal 2: Support 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 with up to 16 values configured by dl-DataToUL-ACK in Rel-17 for NR terrestrial networks.

Conclusion
In this contribution, we provide our proposals on Rel-17 TEI enhancements. 
For SSB resources for RLM, our proposal is as follows.
Proposal 1: When a UE cannot detect any of the SSBs configured in RadioLinkMonitoringConfig for radio link monitoring for a serving cell, but it has detected one or more other SSBs from the same serving cell, the UE should use the detected SSB with the maximum RSRP as the RLM resource.
For HARQ-ACK feedback enhancements for TDD-FDD CA, we have the following proposal.
Proposal 2: Support 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 with up to 16 values configured by dl-DataToUL-ACK in Rel-17 for NR terrestrial networks.
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