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1 Introduction
In this document, we discuss remaining issues for Rel-15 NR UE feature list based on the latest update [1].
2 Discussion 
2.1 On FG #6-9 (Different numerologies across NR carriers within the same NR PUCCH group)
For FG 6-9 (Different numerologies across NR carriers within the same NR PUCCH group), the following was agreed in RAN1#96.
Agreement

· There is no consensus to support the following cases in Rel-15 UE features although Rel-15 specification supports the cases

· For both NR CA UE and EN-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is on the carrier with larger SCS for data/control channel at a given time

· For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time

· For EN-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with larger SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time

· Continue to discuss when to define the features in the future RAN1 meetings
This agreement has not been captured in [1]. If it is not captured, the non-supported features can be considered mandatory since the current normative specs have specified the behaviour. Therefore, we propose the following update for FG 6-9.

Proposal 1:
· Update FG #6-9 as below:

	
	6-9
	Different numerologies across NR carriers within the same NR PUCCH group
	1) For both NR CA UE and EN-DC UE, same numerology between DL and UL per carrier for data/control channel at a given time

2) For both NR CA UE and EN-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time

3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time

3-2) For EN-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
	6-5
	
	
	Type 3

	N.A.
	N.A.
	
	The case where NR PUCCH is sent on the carrier with larger SCS is not supported.
	
	
	Optional with capability signaling


2.2 On FG #3-5b (PDCCH monitoring in any symbol with a span-gap)

At the RAN1 #96 meeting, the following was agreed as part of updates to the description of the components of FG # 3-5b:

	
	3-5b
	 All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) after third symbol can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol. For the set of monitoring occasions which are within the same span:

· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD

· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
	
	Yes
	
	Type 3
	N.A. 
	N.A.
	
	This capability is necessary for each SCS.
	
	Optional with capability signaling

Candidate value set for (X, Y):

{(7, 3), 

(4, 3) and (7, 3), 

(2, 2) and (4, 3) and (7, 3)}
	Optional with capability signaling
Candidate value set for (X, Y):

{(7, 3), 

(4, 3) and (7, 3), 

(2, 2) and (4, 3) and (7, 3)}


There are some issues with the latest version that are outlined below:
1. The current definition of a (PDCCH monitoring) span (“of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol”) remains unclear and further becomes too restrictive with the added constraint “with same start symbol”.
a. It disallows various configurations with PDCCH monitoring over a sub-set of all of the symbols in a span with CORESET duration smaller than the span duration (Y). For instance, a length-3 span with PDCCH monitoring in 1-symbol CORESET(s) with a configuration like X0X (where ‘X’ represents an OFDM symbol with PDCCH MO and ‘0’ represents an OFDM symbol without any PDCCH MO) should be allowed considering the UE’s basic capabilities, but now, with the added constraint, X0X would correspond to two spans, and likely be disallowed (depending on exact configuration) considering the span-gap (X) constraints. 

i. Proposed resolution: Remove the constraint “with same start symbol”.
b. The current definition (even without the “with same start symbol” constraint) may be interpreted to also disallow a span of X0X as a valid span. However, this was not intended, the use of “consecutive” was to imply the counting of the OFDM symbols themselves, and not that all the symbols should have PDCCH MOs. Further, considering the definition of span and span-gap constraints are motivated by UE dimensioning and processing load and control flow perspectives, the first symbol of a span should be a symbol with a PDCCH MO. Otherwise, the span-gap constraint, defined w.r.t. starting symbols of consecutive valid spans should, becomes too restrictive. 
i. Proposed resolution: Update the definition of a span as “…of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol in at least the first of the Y symbols”.
c. However, with this approach, we can now have cases wherein a PDCCH MO may belong to multiple spans and an unambiguous mechanism is necessary to identify which span the MO belongs to. To address this, it has been proposed (in offline discussions) to clarify the following: “If a PDCCH MO is fully contained in more than one span, the PDCCH MO is considered as part of the span that has the smallest start symbol index among the spans fully containing the PDCCH MO”, and it indeed resolves the ambiguity.
i. Proposed resolution: Add the description: “If a PDCCH MO is fully contained in more than one span, the PDCCH MO is considered as part of the span that has the smallest start symbol index among the spans fully containing the PDCCH MO”
2. The span duration needs further clarity. While for some cases, the reported value of Y in the reported (X,Y) pair can be taken as the value of Y, it becomes ambiguous when the UE reports the third set {(2, 2) and (4, 3) and (7, 3)}. The definition of span duration needs to be clear to avoid misalignment between UE and gNB in identifying valid configurations for this FG. The following alternatives can be considered to define the span duration for a UE indicating capability corresponding to the third set:

· Alt 1: Span duration = the maximum duration of the PDCCHs monitored within the span
· Alt 2: Span duration = the maximum duration of all CORESETs configured to the UE for PDCCH monitoring 

· Alt 3: Span duration = the maximum number of symbols (between 2 and 3) that satisfy the constraint of minimum span-gap of X symbols (as indicated by UE capability reporting corresponding to the value of Y).

a. Comparing the above alternatives:

i. Alt 1 does not allow spans of the form X0X as in this case, Y = 1, which further falls out of the set of candidate values of Y. Alt 1 further suffers from the issue of a self-referential definition as a span is defined in terms of “Y consecutive OFDM symbols”. 

ii. Alt 2 does not allow spans of the form X0X if the UE is configured with all one-symbol CORESET, and in this regard, also results in Y = 1 that doesn’t belong to the candidate values for Y. 

iii. Alt 3, under the assumption that the gNB configures the MOs based on the indicated UE capability, determines the span duration as one that results in fewer spans and hence, realizes the optimal utilization of the UE capability. In detail, Alt 3 implies that the UE, based on the search space set configurations and MOs, performs the following checks:

· Whether or not the minimum gap between two consecutive starting symbols of candidate spans is at least X =4 if Y = 3

· If yes, then Y = 3 for the slot

· Else, check if the minimum gap between two consecutive starting symbols of candidate spans is at least X = 2 if Y =2

· If satisfied, then UE assumes Y = 2 for the slot

· Otherwise, the UE considers this as an error case.
· Proposed resolution: Use Alt 3 to define the span duration for a UE indicating support of the third set of (X,Y) pairs.
3. Current description states “and for any two PDCCH monitoring occasions, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol”. The part highlighted in green again disallows a configuration like X0X as a valid span. However, the intention here is to impose the constraint on the case wherein the “any two PDCCH monitoring occasions” belong to different spans.
a. Proposed resolution: Modify the text as “and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, …”

Combining the above, we have the following updates for components description of FG #3-5b.
Proposal 2:
· Update the components description for FG #3-5b as below:

	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) after third symbol can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol in at least the first of the Y symbols. If a PDCCH MO is fully contained in more than one span, the PDCCH MO is considered as part of the span that has the smallest start symbol index among the spans fully containing the PDCCH MO. For a UE indicating support of the third set for (X,Y) values, {(2, 2) and (4, 3) and (7, 3)}, the span duration (Y) is the maximum number of symbols (between 2 and 3) that satisfy the constraint of minimum span-gap of X symbols (as indicated by UE capability reporting corresponding to the value of Y). For the set of monitoring occasions which are within the same span:

· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD

· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD

· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.


2.3 On Capability #2 and support of multiple PDSCHs/PUSCHs per slot 
Currently, as part of UE capability reporting framework of Rel-15 NR, the UE can indicate its capability on the number of DL (UL respectively) component carriers (CCs) it can support in a band per band-combination when operating with Capability #2 UE minimum processing times for PDSCH processing and PUSCH preparation. This is according to Feature Group (FG) # “1 [5-5a]” and FG # “3 [5-5c]” in [1].
Further, the UE can indicate a different numbers of DL (and UL respectively) CCs it can support in a band per band-combination for Capability #2 UE minimum processing times and with different maximum numbers of PDSCHs (and PUSCHs respectively) in a slot. This is according to Feature Group (FG) # 9 [5-13] through FG #14 [5-13f] in [1].

When these indicated numbers of CCs is exceeded by the actual CA configuration, the UE is expected to apply fallback behavior as described below:

· UE supports Capability #2 processing time on all configured carriers if # configured carriers in a band <= X, otherwise 

· If Fallback = ‘SC’, UE supports Capability #2 processing time on lowest cell index among the configured carriers in the band where the value is reported

· If Fallback = ‘Cap1-only’, UE supports only Capability #1, in the band where the value is reported

While the UE, that indicates capability of supporting Capability #2 UE minimum processing times, is configured by higher layers whether it may expect timing for PDSCH-to-HARQ-ACK for DL (and timing for PDCCH-to-PUSCH for UL respectively) in each serving cell, the UE does not have the information on whether it may be scheduled with up to 1, 2, 4, or 7 PDSCHs or PUSCHs within a slot duration. 

Thus, there is currently no way for the UE to ascertain the maximum number of PDSCHs/PUSCHs that it may be scheduled with within a slot in a serving cell, and thereby, it cannot determine correctly when the “fallback behavior” should apply.
The related signaling framework is shown below [2]:

	ProcessingParameters
The IE ProcessingParameters is used to indicate PDSCH/PUSCH processing capabilities supported by the UE.

ProcessingParameters information element

-- ASN1START

-- TAG-PROCESSINGPARAMETERS-START

ProcessingParameters ::=        SEQUENCE {

    fallback                        ENUMERATED {sc, cap1-only},
    differentTB-PerSlot             SEQUENCE {

        upto1                           NumberOfCarriers                    OPTIONAL,

        upto2                           NumberOfCarriers                    OPTIONAL,

        upto4                           NumberOfCarriers                    OPTIONAL,

        upto7                           NumberOfCarriers                    OPTIONAL
    } OPTIONAL
}
NumberOfCarriers ::=    INTEGER (1..16)
-- TAG-PROCESSINGPARAMETERS-STOP

-- ASN1STOP


The main reason for this ambiguity is the fact that UE does not know how many PDSCHs/PUSCHs per slot might be scheduled on one CC with Cap #2 enabled and hence cannot map CCs to upto1, upto2, etc.

UE still does not know how many PDSCHs/PUSCHs per slot might be scheduled on a CC, but with the RRC signaling for Cap #2 now available (via processingType2Enabled parameter inside PDSCH-ServingCellConfig or PUSCH-ServingCellConfig), the UE can know how many and which serving cells are configured with Capability #2 UE minimum UE processing times. 

Next, considering the case of PDSCH scheduling in the DL (the UL case with PUSCH can follow exactly same principles), let’s assume the UE reports X_1, X_2, X_4, and X_7 for the maximum number of DL CCs it can support with Cap #2 when combined with up to 1, 2, 4, or 7 PDSCHs (referred to as number of TBs in the quoted excerpt from TS38.331, v15.4.0) per slot respectively. Further, it would be reasonable to assume that X_1 ≥ X_2 ≥ X_4 ≥ X_7. Note that the UE may report a subset of these values, and in such cases, the principles outlined here can still apply.

Accordingly, the ambiguity at the UE can be avoided by defining the following set of UE assumptions:

· When configured with less than or equal to X_k (k = 7, 4, 2, 1) DL CCs (with Cap #2 on all or a sub-set of the serving cells), the UE may expect to be scheduled with up to k PDSCHs per slot with Cap #2 on all of the configured serving cells for which processingType2Enabled is indicated.

· When configured with more than X_1 DL CCs (with Cap #2 on all or a sub-set of the serving cells), the UE may expect to be scheduled with up to max {k} PDSCHs per slot with Cap #2 on the serving cell with the lowest serving cell index of all serving cells for which processingType2Enabled is indicated for a UE reporting Fallback = ‘SC’, and with Cap #1 on all serving cells for a UE reporting Fallback = ‘Cap1-only’. Here, max {k} indicates the maximum of the set of “k” values (out of {1, 2, 4, 7}) reported by the UE as part of the ProcessingParameters structure for PDSCH/PUSCH.
Thus, following the above, the UE would expect to be scheduled with up to one PDSCH per slot but with Cap #2 on all indicated CCs whenever number of configured serving cells exceeds X_j (j \in {2, 4, 7}) but less than X_1. 

Proposal 3:
· Add the following description in the components column for FGs # 1 [5-5a] and FG # 3 [5-5c] and FGs # 9 [5-13] through #14 [5-13f] with the respective value of k \in {1, 2, 4, 7} and PDSCH/PUSCH, DL/UL choices respectively:

	· When configured with less than or equal to X_k (k = 7, 4, 2, 1) DL/UL CCs (with Cap #2 on all or a sub-set of the serving cells), the UE may expect to be scheduled with up to k PDSCHs/PUSCHs per slot with Cap #2 on all of the configured serving cells for which processingType2Enabled is indicated.

· When configured with more than X_1 DL/UL CCs (with Cap #2 on all or a sub-set of the serving cells), the UE may expect to be scheduled with up to max_{k} PDSCHs/PUSCHs per slot with Cap #2 on the serving cell with the lowest serving cell index of all serving cells for which processingType2Enabled is indicated for a UE reporting Fallback = ‘SC’, and with Cap #1 on all serving cells for a UE reporting Fallback = ‘Cap1-only’. Here, max_{k} indicates the maximum of the set of “k” values (out of {1, 2, 4, 7}) reported by the UE as part of the ProcessingParameters structure for PDSCH/PUSCH.


3 Conclusion 
In this contribution, we shared our views on some outstanding issues related to the RAN1 UE feature list for Rel-15 NR.

Based on the presented discussion, we make the following proposals:

Proposal 1:
· Update FG #6-9 as below:

	
	6-9
	Different numerologies across NR carriers within the same NR PUCCH group
	1) For both NR CA UE and EN-DC UE, same numerology between DL and UL per carrier for data/control channel at a given time

2) For both NR CA UE and EN-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time

3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time

3-2) For EN-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
	6-5
	
	
	Type 3

	N.A.
	N.A.
	
	The case where NR PUCCH is sent on the carrier with larger SCS is not supported.
	
	
	Optional with capability signaling


Proposal 2:
· Update the components description for FG #3-5b as below:

	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) after third symbol can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol in at least the first of the Y symbols. If a PDCCH MO is fully contained in more than one span, the PDCCH MO is considered as part of the span that has the smallest start symbol index among the spans fully containing the PDCCH MO. For a UE indicating support of the third set for (X,Y) values, {(2, 2) and (4, 3) and (7, 3)}, the span duration (Y) is the maximum number of symbols (between 2 and 3) that satisfy the constraint of minimum span-gap of X symbols (as indicated by UE capability reporting corresponding to the value of Y). For the set of monitoring occasions which are within the same span:

· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD

· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD

· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.


Proposal 3:
· Add the following description in the components column for FGs # 1 [5-5a] and FG # 3 [5-5c] and FGs # 9 [5-13] through #14 [5-13f] with the respective value of k \in {1, 2, 4, 7} and PDSCH/PUSCH, DL/UL choices respectively:

	· When configured with less than or equal to X_k (k = 7, 4, 2, 1) DL/UL CCs (with Cap #2 on all or a sub-set of the serving cells), the UE may expect to be scheduled with up to k PDSCHs/PUSCHs per slot with Cap #2 on all of the configured serving cells for which processingType2Enabled is indicated.

· When configured with more than X_1 DL/UL CCs (with Cap #2 on all or a sub-set of the serving cells), the UE may expect to be scheduled with up to max_{k} PDSCHs/PUSCHs per slot with Cap #2 on the serving cell with the lowest serving cell index of all serving cells for which processingType2Enabled is indicated for a UE reporting Fallback = ‘SC’, and with Cap #1 on all serving cells for a UE reporting Fallback = ‘Cap1-only’. Here, max_{k} indicates the maximum of the set of “k” values (out of {1, 2, 4, 7}) reported by the UE as part of the ProcessingParameters structure for PDSCH/PUSCH.


References
[1] RP-190116
LS on RAN1 NR UE features update
RAN1
[2] 3GPP TS38.331, v15.4.0
PAGE  
11/11

