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1. Introduction

At the last meeting, we raised the forward compatible related issue for UE demodulation requirements [1]. In this contribution, we provide our views how to ensure the test coverage considering forward compatibility. 
2. Discussion
In the past RAN WG meetings, there was intensive discussion on UE feature list to finalize ASN.1 for Rel.15 NR NSA. Currently, the discussion on mandatory or optional for remaining features is still ongoing, but in the RAN #78 meeting, general guidance was endorsed to decide it as follows [2].

	· The “Initial access-related” and “Forwards compatibility” related issues on the previous slide seem to be clear reasons to make functionality or parameter configurations mandatory in 3GPP specifications.

· The “Initial access-related” issue is already being considered within WG (RAN1 at least) discussions.

· Proposal:

· It is requested for RAN1 and RAN2 to take into account particularly the “Forwards compatibility-related” issue (as defined in slide 2), in addition to “initial access-related” issue when recommending whether a feature/parameter configuration should be mandatory or optional

· For all features and parameter configurations (independent of whether they are made mandatory or optional) it is requested for RAN1 and RAN2 to highlight whether the “initial access-related” issue or “forwards compatibility-related” issue would be applicable – as this would help RAN plenary final decision-making.


Note that the definition of forward compatibility issue in [2] is as follows.
	· 2) Forward compatibility-related: If X is not supported then, even though it is not a problem on day 1, it may not be feasible to operate X later on due to legacy devices not supporting X, causing:

· 
a) lack of compatibility between initial and later deployment configurations, or 

· 
b) severe system level performance degradation or restriction in later deployment configurations 
(i.e. the gains expected from X cannot be achieved due to lack of legacy device support)


According to this guidance, some UE features were already marked as mandatory. On the other hand, even if a feature is marked as mandatory with or without capability in the UE feature list due to forward compatibility related issue, whether the feature is actually implemented in UE cannot be ensured if RAN4 does not specify the corresponding UE requirements. Without RAN4 requirement, UE is allowed not to implement the forward compatibility related features in reality, and it could bring a serious problem in future deployment. Some of such features could be tested by RAN4 RF or RRM requirements, but remaining features shall be tested in Rel.15 UE demodulation requirements even if any operator doesn’t want to have the features on day 1. Unfortunately, there is no clear indication of “forward compatible issue” in the current RAN1 and RAN2 UE feature lists, and such features may be just marked as mandatory with or without capability signaling. Therefore, RAN4 needs to identify the UE features which actually have forward compatibility related issue, and UE demodulation requirements for such features shall be specified within Rel.15 timeframe.
Observation 1: Without specific RAN4 performance requirements, UE is allowed not to implement the forward compatibility related features in reality. Hence, appropriate test coverage should be considered for UE demodulation requirements. 
One important aspect for this issue is whether the network can distinguish the UEs which support and does not support certain feature by UE capability signaling.  If the network can distinguish such two types of UE, the gNB scheduler can be designed assuming that some UE dose not support the feature. If the network cannot distinguish, however, such approach cannot be taken. For example, we assume that the components {A, B, C, D} can be configured for the feature X, and the feature X is a mandatory feature without capability. If RAN4 specify the performance requirements for all of the components {A, B, C, D}, the network can configure the feature X without any problem and restriction. On the other hand, only the component A is verified in RAN4 requirements, the network cannot know whether all UEs support other components {B, C, D}, and the UE behavior is undefined in reality when the components B-D are configured. In such case, the network needs to use the components B-D without a guarantee or cannot configure those components for the UE, while the feature X including all components {A, B, C, D} is mandatory for all UEs. In order to avoid such undesirable situation, at least the mandatory features without capability signaling shall be sufficiently verified in the RAN4 performance requirements. Based on the RAN1 and RAN4 feature lists [3, 4], the mandatory features without UE capability are summarized in Table 1 and 2(only DL related features are summarized). We would like to note that the treatment of mandatory with capability signaling is still unclear and further discussion is needed for such features. In addition, RAN4 requirements should be specified for optional features if there is certain demand from operators.
Proposal 1: At least the mandatory features without capability signaling summarized Table 1 and Table 2 shall be sufficiently verified in the RAN4 performance requirements. 
· FFS: Treatment of mandatory features with capability 
· FFS: Optional features
Table 1. Mandatory L1 features without capability in RAN1 feature list [3]
	# in RAN1 feature list
	Feature group
	Components

	0-1
	CP-OFDM waveform for DL and UL
	1) CP-OFDM for DL

	
	
	2) CP -OFDM for UL

	0-3
	DL modulation scheme
	1) QPSK modulation

	
	
	2) 16QAM modulation

	
	
	3) 64QAM modulation for FR1

	1-1
	Basic initial access channels and procedures
	1) RACH preamble format 

	
	
	2) SS block based RRM measurement 

	
	
	[3) RMSI/broadcast OSI reception]

	
	
	[4] Paging]

	2-1
	Basic PDSCH reception
	1. Data RE mapping

	
	
	2. Single layer transmission

	2-5
	Basic downlink DMRS for scheduling type A 
	1. Support 1 symbol FL DMRS without additional symbol(s)  

	
	
	2. Support 1 symbol FL DMRS and 1 additional DMRS symbol

	
	
	3. Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port. 

	2-6
	Basic downlink DMRS for scheduling type B
	1. Support 1 symbol FL DMRS without additional symbol(s)

	
	
	2. Support 1 symbol FL DMRS and 1 additional DMRS symbol 

	2-32
	Basic CSI feedback
	1. Type I single panel codebook based PMI (further discuss which mode or both to be supported as mandatory) 

	
	
	2. 2Tx codebook for FR1 and FR2 

	
	
	3. 4Tx codebook for FR1

	
	
	4. 8Tx codebook for FR1 when configured as wideband CSI report

	
	
	5. p-CSI on PUCCH formats over 1 – 2 OFDM symbols once per slot (or piggybacked on a PUSCH)

	
	
	6. p-CSI report on PUCCH formats over 4 – 14 OFDM symbols once per slot (or piggybacked on a PUSCH)

	
	
	7. a-CSI on PUSCH (at least Z value >= 14 symbols, detail processing time to be discussed separately) 

	
	
	further check a-CSI on p-CSI-RS and/or SP-CSI-RS from component-7

	2-50
	Basic TRS
	1. Support of TRS (mandatory)

	
	
	2. All the periodicity are supported. 

	
	
	FFS: TRS bandwidth configuration = 

	
	
	  [Atl.1 BWP;

	
	
	  Alt.2: min(52,BWP)

	
	
	  Alt.3: Both]

	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0

	
	
	- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1

	
	
	- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2

	
	
	- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

	
	
	- REG-bundle sizes of 2/3 RBs or 6 RBs

	
	
	- Interleaved and non-interleaved CCE-to-REG mapping

	
	
	- Precoder-granularity of REG-bundle size 

	
	
	- PDCCH DMRS scrambling determination

	
	
	- Single TCI state for a CORESET configuration

	
	
	2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell

	
	
	- PDCCH aggregation levels 1, 2, 4, 8, 16

	
	
	- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot

	
	
	- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot

	
	
	3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1

	
	
	4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

	
	
	5) Processing one unicast DCI scheduling DLand one unicast DCI scheduling UL per slot per scheduled CC

	
	
	6) Processing one of RA-RNTI or SI-RNTI or P-RNTI or C-RNTI in a slot per scheduled CC

	5-1
	Basic scheduling/HARQ operation
	1) Frequency-domain resource allocation

	
	
	- RA Type 0 only and Type 1 only for PDSCH without interleaving

	
	
	- RA Type 1 for PUSCH without interleaving

	
	
	2) Time-domain resource allocation

	
	
	- 1-14 OFDM symbols for PUSCH once per slot 

	
	
	- Starting symbol, and duration are determined by using the DCI

	
	
	- PDSCH mapping type A with 7-14 OFDM symbols

	
	
	- PUSCH mapping type A and type B

	
	
	- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, PDSCH mapping type A with {4-14} OFDM symbols and type B with {2, 4, 7} OFDM symbols

	
	
	3) TBS determination

	
	
	4) Nominal UE processing time for N1 and N2 (Capability #1)

	
	
	5) HARQ process operation with configurable number of DL HARQ processes of up to 16

	
	
	6) Cell specific RRC configured UL/DL assignment 

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

	
	
	8) Intra-slot frequency-hopping for PUSCH scheduled by Type 1 before RRC connection 

	7-1
	Channel coding
	1) LDPC encoding and associated functions for data on DL and UL

	
	
	2) Polar encoding and associated functions for PBCH, DCI, and UCI

	
	
	3) Coding for very small blocks


· Note #1: Mandatory or optional is still under discussion in RAN1 and RAN4. 

· Note #2: Gray components are only for UL channel and yellow components are still under discussion in RAN1

Table 2. Mandatory L1 features without capability in RAN4 feature list [4]

	# in RAN4 feature list
	Feature group
	Components

	1-2
	64QAM modulation for FR2 PDSCH
	1) 64QAM modulation for FR2 PDSCH


3. Conclusion
In this contribution, we discuss how to ensure forward compatibility in RAN4 requirements. Our observation and proposal are summarized as follows.
Observation 1: Without specific RAN4 performance requirements, UE is allowed not to implement the forward compatibility related features in reality. Hence, appropriate test coverage should be considered for UE demodulation requirements. 
Proposal 1: At least the mandatory features without capability signaling summarized Table 1 and Table 2 shall be sufficiently verified in the RAN4 performance requirements. 
· FFS: Treatment of mandatory features with capability 

· FFS: Optional features
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