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1 Introduction
RAN1 #93 sent the following action to RAN #80 in their LS on NR UE feature list in [1]:

	2. Actions:
To RAN:

RAN1 respectfully askes RAN to discuss 2-28 and Component 7) of 5-1 and also to decide whether the feature is mandatory/optional based on RAN WG recommendations.


The purpose of this contribution is two-fold. First, in Section 2, we will address remaining technical issues in the RAN1 NR UE feature list. Then, in Section 3, we give recommendations for which features ought to be mandatory in Rel. 15. 
2 Further details on NR UE Feature List
2.1 Non-MIMO related NR UE features

FG 5-1, basic scheduling/HARQ operation has the following item highlighted in yellow:

	7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment


If not all UEs support dynamic UL/DL determination based on L1 scheduling DCI, the network must signal the semi-static TDD UL/DL configuration in SIB1 forever, as some UEs (those only supporting the basic feature) rely on a semi-static TDD UL/DL configuration in SIB1 and for the other UEs, that do support dynamic UL/DL determination based on L1 scheduling DCI, that feature is impossible to deploy because NR does not allow to UE-specifically “take away” the semi-static configuration in SIB1 for these UEs. Hence, it is crucial to include component 7) as a basic mandatory feature without capability signaling.

Proposal 1: 

· Remove the yellow highlighting for component 7) of FG 5-1, basic HARQ/scheduling operation and make it a basic mandatory UE feature without capability signaling
2.2 MIMO related NR UE features
FG 2-28, minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission is used by the UE to indicate the minimum time required to change the receiver beam. This feature has been discussed for a long time the main controversial point being whether this FG should also indicate the time the UE needs to switch a dormant panel on. From our point of view, it is reasonable to assume the unused antenna panel is in dormant mode and it takes a longer time to wake it up. Thus, it is beneficial to have FG2-28 to indicate both the time needed for beam switching within a panel and across panels and the following is proposed: 

Proposal 2:

· The candidate value for FG 2-28 is: {“14-14”, “28-28”, “48-48”, “14-336”, “28-336”, “48-336”}, where the first threshold corresponds to the case when the UE doesn’t activate the antenna panel (using the same panel to receive DCI and CSI-RS) and where the second threshold corresponds to the case when UE may activate the antenna panel (other than the panel used to receive DCI)
3 Recommendations for mandatory features

The following is AT&T’s recommendation for which features should be mandatory with capability signaling. These recommendations are guided by the following considerations:

1. Competitiveness with LTE:
In spite of the aggressive time-to-market timeline, NR shall be competitive with LTE in the market place. Making too many features optional endangers competitiveness as handsets may not implement these for years to come.

2. Coverage:
Features that are important for coverage, particularly in the uplink, should generally be mandatory. If NR coverage cannot meet LTE coverage, significant CAPEX is required for operators to meet seamless coverage of 5G.

3. Forward-compatibility:
Features that impact forward compatibility should at least be mandatory with capability signaling. FG 3-6, Dynamic SFI monitoring and dynamic UL/DL determination and FG 5-1a, UE specific RRC configure UL/DL assignment impact forward compatibility.
4. Near term market-need:
Making a feature mandatory with capability signaling often simply means that this feature should have been mandatory without capability signaling but IOT capability was not expected to be available on day one. Hence, making a feature mandatory with capability signaling differs from making a feature optional in that it signals to the ecosystem that a feature was deemed important but capability signaling was advised. Hence, making all remaining undecided features optional should be avoided at all costs to avoid market fragmentation and to support IOT availability and commercial readiness. 
3.1 Initial access and mobility

Proposal 3: 

· The following feature is mandatory with capability signaling:
FG 1-8, RLM based on a mix of SS block and CSI-RS signals
3.2 MIMO

For the UE capability for the downlink MIMO layers (FG 2-3), 4-layer MIMO has been widely implemented by many LTE UEs. If NR UEs don’t support 4-layer MIMO, it is hard for NR UEs to compete with LTE. Thus, we propose to mandate UEs to support 4 layers. Meanwhile, we also understand that some special types of UE may require special consideration, e.g., wearable devices or MTC devices. We suggest to further study how to make exceptions to those UEs. Similarly, we have proposals on uplink MIMO, too. 

Proposal 4: 
· UE is mandated to support of DL 4-layer MIMO on the bands (FG 2-3) where the UE shall be equipped with 4Rx ports as a baseline (for the competitiveness with LTE)

· Minimum of 2 PUSCH layers for non-coherent codebook based MIMO (2-13/14) at least for FR1 

· Further discuss how to make exceptions for special types of UE, e.g., wearable, MTC UE
Flexible design has been adopted in NR DMRS (both uplink and downlink), e.g., the number of symbols for FL-DMRS can be configured as one or two symbols. One symbol FL-DMRS is designed to have small overhead with limited number of DMRS ports. Two symbols type-2 FL-DMRS can achieve the maximal number of DMRS ports (12 ports) by NR design. We see this feature as a forward compatibility related one since from the network point of view, a UE that doesn’t support two symbols FL-DMRS will make MU-MIMO pairing much more difficult even after the new UE who supports 2 symbols FL-DMRS enters the market. Thus, we suggest to make FG 2-7/8, 18/18a, FG 2-10/17 mandatory with UE capability signaling. 

Proposal 5: 
· Two symbol FL-DMRS and type 2 DMRS are all mandatory with capability signaling (FG 2-7/8, 18/18a, FG 2-10/17)

Beam correspondence is an important feature. It can greatly simplify network operation. Thus, we propose to have UEs support beam correspondence as a mandatory feature. 

Proposal 6: 
· Beam correspondence (FG 2-20) is mandatory with capability signaling
In addition, the following is proposed: 
Proposal 7: 

· The following features are mandatory with capability signaling:
FG 2-4, Number of configured TCI states (Component 2) should be mandated to be 64 to avoid unnecessary large number of RRC reconfiguration
FG 2-31, Beam failure recovery, at least 16 SSB or CSI-RS to monitor
FG 2-55/56, SRS Tx port and carrier switching
3.3 DL control channel and procedure

Proposal 8:

· The following features are mandatory with capability signaling:
FG 3-2, PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
FG 3-4, More than 1 configured TCI state for PDCCH

FG 3-6, Dynamic SFI monitoring and dynamic UL/DL determination
3.4 UL control channel and procedure

Proposal 9: 

· The following features are mandatory with capability signaling:
FG 4-6, Non-frequency hopping for PUCCH formats 0 and 2
FG 4-7, Non-frequency hopping for PUCCH format 1, 3, and 4
FG 4-19, SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or piggybacked on a PUSCH)
FG 4-23, Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 1, 2, 4, 8
3.5 Scheduling/HARQ operation

Proposal 10: 

· The following features are mandatory with capability signaling:
FG 5-1a, UE specific RRC configure UL/DL assignment
FG 5-17, PUSCH repetitions over multiple slots  
FG 5-27, Dynamic rate-matching resource set configuration for DL
FG 5-28, Rate-matching around LTE CRS
3.6 CA/DC, BWP, SUL

Proposal 11: 

· The following features are mandatory with capability signaling:
FG 6-5, Basic DL NR-NR CA operation
FG 6-6, Basic UL NR-NR CA operation
4 Conclusion

In this contribution, we presented our views on how to proceed the Rel. 15 NSA NR UE feature list in light of the overall Rel. 15 NSA work plan and ecosystem needs. Given RAN1 did not have time to complete the initial access and forward compatibility categorizations requested by RAN and presented with some remaining open issues RAN1 has indicated in their LS to RAN, the following is proposed:
Proposal 1: 

· Remove the yellow highlighting for component 7) of FG 5-1, basic HARQ/scheduling operation and make it a basic mandatory UE feature without capability signaling
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· The candidate value for FG 2-28 is: {“14-14”, “28-28”, “48-48”, “14-336”, “28-336”, “48-336”}, where the first threshold corresponds to the case when the UE doesn’t activate the antenna panel (using the same panel to receive DCI and CSI-RS) and where the second threshold corresponds to the case when UE may activate the antenna panel (other than the panel used to receive DCI)
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