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1	Introduction
In this contribution, we discuss the maintenance issues of physical downlink control channel for Rel-15.
[bookmark: _Ref178064866]2	Discussion: PDCCH structure and search space
2.1	BD/CCE limits for CA
In RAN1#93, BD/CCE limit was heavily discussed and good progress was made. The existing agreements are summarized (in black font) in Table 2 in the Appendix. In the sequel, we discuss the remaining cases and propose the corresponding BD/CCE limits.
We first discuss the case with same numerology and cross-carrier scheduling. 
· The remaining pending case is for configuring up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16). 
· Along the line of existing agreements
· When the number of CCs schedulable by the scheduling CC is less than or equal to the reported capability, the limit of BDs/CCEs of the scheduling CC per slot should be (the number of CCs schedulable by the scheduling CC) * (the limit of BDs/CCEs for non-CA case)
· When the number of CCs schedulable by the scheduling CC is larger than the reported capability, the limit of BDs/CCEs of the scheduling CC per slot should be y * (the limit of BDs/CCEs for non-CA case)
· There is also a need for a global restriction on BD/CCE limits across all the scheduling CCs: The limit of BDs/CCEs per slot is y * (the limit of BDs/CCEs for non-CA case)
· To sum up, the limit of BDs/CCEs of a scheduling CC per slot is min(X, y) * (the limit of BDs/CCEs for non-CA case), where X is the number of CCs schedulable by the scheduling CCs. The limit of BDs/CCEs per slot across all the scheduling CCs is y * (the limit of BDs/CCEs for non-CA case). 

For example, consider the case of 6 CCs and 2 scheduling CCs (one schedules 2 CCs, the other schedules 4 CCs), and y=4. 
· The limit on the first scheduling CC is min(X=2, y=4)* the limit of BDs/CCEs for non-CA case
· The limit on the second scheduling CC is min(X=4, y=4)* the limit of BDs/CCEs for non-CA case
· The limit of BDs/CCEs per slot across the 2 scheduling CCs is (y=4)* the limit of BDs/CCEs for non-CA case
[bookmark: _Ref520278783]
Therefore, we propose that  

[bookmark: _Toc521675615]For same numerology and cross-carrier scheduling with configuration up to T CCs and BD capability y<T (y = 4, …, or 16, T = 1, …, or 16): the limit of BDs/CCEs of a scheduling CC per slot is min(X, y) * (the limit of BDs/CCEs for non-CA case), where X is the number of CCs schedulable by the scheduling CC; the limit of BDs/CCEs per slot across all the scheduling CCs is y * (the limit of BDs/CCEs for non-CA case).
Next we discuss the case with different numerologies and cross-carrier scheduling. This may be useful when the PDCCH coverage of a CC in FR2 is not good enough, and the PDCCH in a CC in FR1 is used to schedule the CC in FR2. So in our view low numerology scheduling high numerology would be the main use case.
[bookmark: _Toc521675608]Low numerology scheduling high numerology seems to be the main use case for cross-carrier scheduling with different numerologies.

Two high level options were discussed in RAN1#93. To facilitate the discussions, we show two examples in Figure 1.
· Option 1 based on the scheduling cell’s numerology: # of BDs in a scheduling-cell slot = (# of BDs of the scheduling-cell in non-CA case) * (# of CCs)
· In the Example 1 in Figure 1: # of BDs in 1 ms = 44 * 2 = 88.
· In the Example 2 in Figure 1: # of BDs in 0.5 ms = 36 * 3 = 108.
· Option 2 based on the scheduled cell’s numerology: # of BDs in a scheduling-cell slot = (# of BDs of the scheduled-cell in non-CA case) * (# of CCs)
· In the Example 1 in Figure 1: # of BDs in 0.125 ms = 20 * 2 = 40. So # of BDs in 1 ms = 320.
· In the Example 2 in Figure 1: there is a question on which numerology of the scheduled CC should be used as the reference. Since option 2 targets at high end numbers, the highest numerology of the scheduled CCs should be chosen as the reference. In this case, with 120 kHz as the reference, # of BDs in 0.125 ms = 20 * 3 = 60. So # of BDs in 1 ms = 480.

[image: ]
[bookmark: _Ref520286900]Figure 1: Two illustration examples for cross-carrier scheduling with different numerologies

Clearly, Option 1 based on the scheduling cell’s numerology is conservative, targeting low end BD/CCE limits which restricts the scheduling flexibility. In contrast, Option 2 based on the scheduled cell’s numerology is more forward looking, targeting high end BD/CCE limits which enables flexible scheduling. It is however understood that Option 2 is more demanding for UE implementation. 
[bookmark: _Toc521675609]For cross-carrier scheduling with different numerologies, in the case of low numerology scheduling high numerology, BD/CCE limits based on the scheduling cell may restrict the scheduling flexibility. BD/CCE limits based on the scheduled cell is more forward looking and enables flexible scheduling. The latter option is however more demanding than the former in terms of UE implementation.
One possible compromise that maintains a good level of scheduling flexibility while being less demanding in terms of UE implementation is to derive the BD/CCE limits based on proportional sum of all the BDs across all the CCs within a scheduling-cell slot. If a scheduled cell has a lower numerology than the numerology of the scheduling cell, the number of BDs counted from the scheduled cell is proportional to the fraction of the scheduled-cell slot. Consider the two examples in Figure 1.
· In the Example 1 in Figure 1: # of BDs in 1 ms = 44 + 20*8 = 204.
· In the Example 2 in Figure 1: # of BDs in 0.5 ms = 44/2 + 36 + 20*4 = 138.

Table 1 gives a summary comparing the different options for BD/CCE limits for cross-carrier scheduling with different numerologies.
[bookmark: _Ref520289012]Table 1: Summary of different options for BD/CCE limits for cross-carrier scheduling with different numerologies
	Option
	Description 
	Example 1:
# of BDs in a 15 kHz slot
	Example 2:
# of BDs in a 30 kHz slot

	Option 1: based on scheduling cell’s numerology
	# of BDs in a scheduling-cell slot = (# of BDs of the scheduling-cell in non-CA case) * (# of CCs)
	88
	108

	Option 2: based on scheduled cell’s numerology
	# of BDs in a scheduling-cell slot = (# of BDs of the scheduled-cell with the highest numerology in non-CA case) * (# of CCs)
	320
	480

	Option 3: proportional sum of BDs
	# of BDs in a scheduling-cell slot = proportional sum of BDs within a scheduling-cell slot
	204
	138



Option 3 with proportional sum of BDs for cross-carrier scheduling with different numerologies can be concisely described as follows.
· For the case with up to 4 CCs, or configuration up to T CCs with BD capability y>=T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is 

· For the case with configuration up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is 

· Here,
·  is the numerology of the scheduling CC
·  is the index for numerology  of the scheduled CCs
·  denotes the limit of BDs/CCEs for non-CA case for numerology 
·  is the number of CCs with numerology  schedulable by the scheduling CC

Note that Option 3 is consistent with existing agreements for cross-carrier scheduling with same numerology. If there is only one single value of , Option 3 results in the same BD/CCE limits as in the case of cross-carrier scheduling with same numerology.
Therefore, we propose that  

[bookmark: _Toc521675616]For cross-carrier scheduling with different numerologies in the case with up to 4 CCs, or configuration up to T CCs with BD capability y>=T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology ,  is the number of CCs with numerology  schedulable by the scheduling CC.
[bookmark: _Toc521675617]For cross-carrier scheduling with different numerologies in the case with configuration up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology ,  is the number of CCs with numerology  schedulable by the scheduling CC.

So far, we have been discussing BD/CCE limits separately for self-scheduling and cross-carrier scheduling. It is possible that self-scheduling and cross-carrier scheduling can be configured simultaneously. For example, there may be 4 CCs in FR1 and 1 CC in FR2. 3 CCs in FR1 use self-scheduling, while 1 CC in FR1 schedules itself and schedules the CC in FR2. This mixed scheduling case can be treated in the following way. 
· For the case with up to 4 CCs, or configuration up to T CCs with BD capability y>=T (y = 4, …, or 16, T = 1, …, or 16), the number of BDs/CCEs on each CC is subject to 
· the non-CA BD/CCE limit on each self-scheduling only CC 
· the BD/CCE limit on each cross-carrier scheduling CC 
· The limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology  is the number of CCs with numerology  schedulable by the scheduling CC
· For the case with configuration up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16), The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to 
· the non-CA BD/CCE limit on each self-scheduling only CC
· the BD/CCE limit for self-scheduling for numerology i is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y}, where Xi denotes the number of CCs with the numerology i 
· the BD/CCE limit on each cross-carrier scheduling CC 
· The limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology  is the number of CCs with numerology  schedulable by the scheduling CC

In other words, when self-scheduling and cross-carrier scheduling are configured simultaneously, as long as the respective BD/CCE limits on each self-scheduling only CC and on each cross-carrier scheduling CC are met, it is up to the network to assign BDs/CCEs across the scheduling CCs.

[bookmark: _Toc521675610]For a mixed scheduling scenario with both self-scheduling and cross-carrier scheduling, it can be up to the network to assign BDs/CCEs across the scheduling CCs as long as the respective BD/CCE limits on each self-scheduling only CC and on each cross-carrier scheduling CC are respected.
2.2	TCI state for CORESET 0
System Information Block 1 (SIB1) in NR is conveyed using PDCCH+PDSCH. The UE acquires the search space of this PDCCH from the MIB. In section 10.1 in 38.213, it is stated that the search space configured for SIB1 reception has search space index 0, and the corresponding CORESET has index 0. Only very limited configuration possibilities are possible: 4 bits are used to describe the CORESET and 4 bits to describe the search space, as described in section 13 in 38.213. In the MIB, the field is called pdcch-ConfigSIB1.  The corresponding information can also be conveyed in PDCCH-ConfigCommon, where the fields are called searchSpaceZero and controlResourceSetZero. The UE would use the values signalled in PDCCH-ConfigCommon, e.g., at handover, where the UE should not be required to read system information of the target.	
Whenever the UE needs to read SIB1, the UE uses either the search space configured by pdcch-ConfigSIB1 in the MIB or the searchSpace-SIB1 in PDCCH-ConfigCommon. Here we note that in the search space provided in the MIB or in controlResourceSetZero, no TCI states are included:
[bookmark: _Toc513809994][bookmark: _Toc521670108][bookmark: _Toc521675611]In the search space provided in the MIB or in controlResourceSetZero, no TCI states are included.
However, there is an additional complication for search space #0: for pdcch-ConfigSIB1 in the MIB, the PDCCH monitoring occasions also depend on the best SSB. To use search space #0, the NW would have to know which SSB the UE prefers in order to find the PDCCH monitoring occasion.
[bookmark: _Toc513809995][bookmark: _Toc521670109][bookmark: _Toc521675612]The monitoring occasion for search space #0 depends on which SSB the UE selects, independent of a potentially configured TCI state. 
We note that the RRC information element ControlResourceSet does not have any restrictions for the CORESET with number 0: the NW may reconfigure CORESET #0 using dedicated RRC signalling. This includes the possibility to configure TCI states for CORESET #0, and the NW may subsequently activate one the configured TCI states using MAC CE:
[bookmark: _Toc513809997][bookmark: _Toc521670110][bookmark: _Toc521675613]In current specs, dedicated RRC signalling can be used to reconfigure CORESET #0 with, e.g., TCI states. 
Regarding CORESETs, we note that the standard only allows the network to configure three CORESETs, and the minimum UE capability is only two CORESETs. Thus, the number of CORESETs is a quite limited resource. Thus, it becomes important not to restrict the usage of CORESETs.
Related to this, in RAN1#93, the following agreement was reached:
Agreements:
Update previous agreements as follows:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

Here it is stated that unicast PDSCH can be scheduled by a DCI associated with CORESET #0. To reach adequate performance for unicast PDSCH, the UE needs to be provided with a TRS for time-frequency tracking, and that QCL information is conveyed as part of a TCI state. Furthermore, the normal case is that the PDCCH and the PDSCH will use the same TCI state. Hence, to reach adequate performance for a unicast PDSCH scheduled by a DCI associated with CORESET#0, TCI states must be configured for CORESET #0. 
To complete the specification according to the made agreements, we propose 
[bookmark: _Toc513810011][bookmark: _Ref521421567][bookmark: _Toc521670113][bookmark: _Toc521675618]TCI states can be configured and activated for CORESET #0.
The remaining question is that if CORESET #0 is configured with TCI states, what QCL assumptions would the UE make when receiving “broadcast PDCCH” in connected mode, i.e., when monitoring Type0-PDCCH, Type0A-PDCCH or Type2-PDCCH search space sets? There are essentially two possibilities:
1. The UE uses the configured TCI state also when receiving broadcast PDCCH.
2. The UE selects any SSB and uses that as QCL reference when receiving broadcast PDCCH.
From our point of view, both options are OK. In the first option, the NW takes on the responsibility to update the TCI states. In general, this should not be an issue since the NW would need to keep track of the UE anyway to be able to transmit unicast PDSCH. In the second option, the UE would have to maintain its Rx beam using the SSB measurements, and the UE may have to prioritize when monitoring PDCCH. On the other hand, with option 2, the UE will be able to receive broadcast PDCCH even if the NW fails to update the TCI state of CORESET #0. With option 2, it may be possible to support more deployment options. 
Note that the monitoring occasion for search space #0 used to receive broadcast PDCCH will depend on the best SSB: this is actually independent of the TCI state. Also, since the broadcast PDCCH is broadcast, it does not really matter which version of the PDCCH/PDSCH the UE uses.
2.3	RNTI for search space hashing
In the current TS 38.213, for UE specific search space hashing, it states that “the RNTI value used for  is defined in [5, TS 38.212] and in [6, TS 38.214].” However, TS 38.212/214 do not have descriptions related to RNTI values used for search space hashing. 
In LTE, UE specific search space is hashed with C-RNTI (see Sections 7.1 and 8 in TS 36.213) except PDCCH and PDSCH configured by TC-RNTI using DCI format 1/1A (see Table 7.1-7 in TS 36.213). In NR, TC-RNTI is however not monitored on USS. So C-RNTI can be the only RNTI value used for  in USS hashing.
Therefore, we propose that  

[bookmark: _Toc521675619]The RNTI value used for  in USS hashing equals C-RNTI.
2.4	Other issues
In the clause related to search spacing hashing extracted below, A0, A1, and A2 should be corrected to be AP. A text proposal is provided in Section 3.






For a search space set  associated with control resource set , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for a serving cell corresponding to carrier indicator field value  are given by 


where

for any common search space, ; 






for a UE-specific search space, , ,  for [image: ],  for [image: ],  for [image: ], and ;



In the clause extracted below, the second highlighted part is incomplete and shall be updated along the line of the first highlighted part. A text proposal is provided in Section 3.






If a UE is capable for operation with carrier aggregation with a maximum of 4 downlink cells and the UE is configured with  downlink cells for each corresponding subcarrier spacing configuration  where , and for scheduling on a same cell, the UE is expected to be capable to monitor  PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences, and  non-overlapped CCEs per slot per cell with subcarrier spacing configuration . 


If a UE is capable for operation with carrier aggregation with more than 4 downlink cells, and the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, and the UE is configured with  with subcarrier spacing configuration [image: ], and for scheduling on a same cell, the UE is expected to be able to monitor a total of …

[bookmark: _Ref520368698][bookmark: _Toc521675620]Adopt the text proposals provided in Section 3.
3	Text Proposals: PDCCH structure and search space
[bookmark: _Hlk513715444][bookmark: _Hlk513719760]>>> Text Proposal for 38.213 Section 10.1 >>>
[bookmark: _Hlk513719454]





For a search space set  associated with control resource set , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for a serving cell corresponding to carrier indicator field value  are given by 


where

for any common search space, ; 






for a UE-specific search space, , , =39827 for [image: ], =39829  for [image: ], =39839 for [image: ], and ;


>>> End Text Proposal >>>

>>> Text Proposal for 38.213 Section 10.1 >>>






for a UE-specific search space,  is the maximum of  over all configured  values for a CCE aggregation level  of search space set  in control resource set ;

the RNTI value used for  is defined in [5, TS 38.212] and in [6, TS 38.214]C-RNTI.
A UE that is configured for operation with carrier aggregation, and indicates support of search space sharing through higher layer parameter searchSpaceSharingCA-UL, and has a PDCCH candidate with CCE aggregation level [image: ] in

>>> End Text Proposal >>>


>>> Text Proposal for 38.213 Section 10.1 >>>






If a UE is capable for operation with carrier aggregation with a maximum of 4 downlink cells and the UE is configured with  downlink cells for each corresponding subcarrier spacing configuration  where , and for scheduling on a same cell, the UE is expected to be capable to monitor  PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences, and  non-overlapped CCEs per slot per cell with subcarrier spacing configuration . 


If a UE is capable for operation with carrier aggregation with more than 4 downlink cells, and the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, and the UE is configured with  downlink cells for each correspondingwith subcarrier spacing configuration [image: ], and for scheduling on a same cell, the UE is expected to be able to monitor a total of …


>>> End Text Proposal >>>
4	Discussion: GC-PDCCH
4.1	On additional TDD configuration periodicities
[bookmark: _Hlk520713122]According to the RAN2 LS [3], RAN2 has considered adding the 3 ms and 4 ms periodicities as a possible alternative to align the LTE and NR TDD configurations while being future proof to avoid running into frame-alignment issues for some features in the future. 
… aligning the LTE and NR TDD configurations can be done by either using subframe shifting or by adding 4ms and 3ms periodicities to the signalling to match the TD-LTE config 1 and 2 respectively by concatenating two periodicities matching the TD-LTE pattern as shown below:
TD-LTE config 1:
D
S
U
U
D
NR 4 ms + 1 ms periodicities concatenated
D
S
U
U
D






TD-LTE config 2:
D
S
U
D
D
NR 3 ms + 2 ms periodicities concatenated
D
S
U
D
D

Since using subframe shifting may require additional considerations in the future if frame-alignment is required for some features (like is done e.g. in LTE for some features), RAN2 has considered adding the 3ms and 4ms periodicities as a possible alternative.



In RAN1#92, it was acknowledged that the semi-statically configured pattern duration shall divide 20 ms evenly to align with SSB periodicity. Based on this principle, 
· if only one periodicity is configured, X shall divide 20 ms evenly. 
· If two periodicities are configured, X+Y shall divide 20 ms evenly. 

Since X and Y were from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms, the requirement of the first bullet was satisfied automatically, and thus RAN1 made the following agreement to meet the requirement of the second bullet.
[bookmark: _Hlk506481601]Agreements:
· Restrict the combined periodicity for cell-specific DL/UL assignment to such that 20ms is a multiple of the combined periodicity


Based on the spirit of the existing RAN1 agreement and discussion, we propose that the periodicity of 3 ms can only be used when two periodicities are configured, since 3 ms cannot divide 20 ms evenly if used alone.
[bookmark: _Toc521675614]Adding the 3 ms and 4 ms periodicities to align the LTE and NR TDD configurations is future proof to avoid running into frame-alignment issues for some features in the future.

[bookmark: _Toc521675621]Send a reply LS to RAN2 stating that for NR TDD configuration, the periodicity of 3 ms can only be used when two periodicities are configured.
[bookmark: _Toc521675622]A UE expects that the TDD periodicity shall divide 20 ms evenly if only one periodicity is configured.
4.2	Other issues
The use of “tdd-UL-DL-ConfigDedicated” in 38.213 is not consistent with 38.331. It shall be replaced with “tdd-UL-DL-ConfigurationDedicated”. This also makes it consistent with the use of “tdd-UL-DL-ConfigurationCommon” in 38.213. This replacement should be done in sections 9.1.2.1, 9.2.6, 11.1, 11.1.1 in 38.213.

Therefore, we propose that  

[bookmark: _Toc521675623]Replace “tdd-UL-DL-ConfigDedicated” by “tdd-UL-DL-ConfigurationDedicated” in 38.213 to be consistent with 38.331. 
[bookmark: _GoBack]
[bookmark: _Toc521675624]Adopt the text proposals provided in Section 5.
5	Text Proposals: GC-PDCCH
>>> Text Proposal for 38.213 Section 11.1 >>>
[bookmark: _Ref500831375][bookmark: _Toc517265075]11.1	Slot configuration
…
A slot configuration period of [image: ] msec includes [image: ] slots with [image: ] subcarrier spacing. From the [image: ] slots, a first [image: ] slots include only downlink symbols and a last [image: ] slots include only uplink symbols. The [image: ] symbols after the first [image: ] slots are downlink symbols. The [image: ] symbols before the last [image: ] slots are uplink symbols. The remaining [image: ] are flexible symbols. 
A UE expects that [image: ] divides 20 msec.
The first symbol every [image: ] periods is a first symbol in an even frame.


>>> End Text Proposal >>>
6	Discussion: DCI contents and formats
6.1	On transformPrecoder
In TS 38.212 [2], the use of transformPrecoder is written along the line: transformPrecoder = enabled/disabled. This is however not accurate. In TS 38.331, transform precoder is described as follows. In particular, the field of transformPrecoder can be absent, in which case the UE considers the transformPrecoder is disabled. To be more accurate, the use of transformPrecoder in TS 38.212 should simply write “if transform precoder is enabled” or “if transform precoder is disabled”, and not refer to any IE.

RACH-ConfigCommon:
msg3-transformPrecoding                                                                           ENUMERATED {enabled}                                              OPTIONAL
msg3-transformPrecoding
Indicates to a UE whether transform precoding is enabled for Msg3 transmission. Absence indicates that it is disabled. Corresponds to L1 parameter 'msg3-tp' (see 38.213, section 8.1)
PUSCH-Config:
transformPrecoder                                                                                         ENUMERATED {enabled, disabled}                           OPTIONAL
transformPrecoder
The UE specific selection of transformer precoder for PUSCH. When the field is absent the UE applies the value msg3-tp. Corresponds to L1 parameter 'PUSCH-tp' (see 38.211, section 6.3.1.4).
ConfiguredGrantConfig:
transformPrecoder                                                                                         ENUMERATED {enabled}                                              OPTIONAL
transformPrecoder
Enable transformer precoder for type1 and type2. If the field is absent, the UE considers the transformer precoder is disabled, see 38.214, section 6.1.3.



[bookmark: _Toc521675625]Replace “transformPrecoder = enabled” in TS 38.212 by “transform precoder is enabled”; replace “transformPrecoder = disabled” in TS 38.212 by “transform precoder is disabled”.
6.2	Short message indicator table
The name of the bit field in Table 7.3.1.2.1-1 in TS 38.212 is incorrect. A text proposal to correct this error is provided in Section 7.

Table 7.3.1.2.1-1: Short Message indicator
Bit field
PUSCH frequency hopping
00
Reserved
01
Only scheduling information for Paging is present in the DCI
10
Only short message is present in the DCI
11
Both scheduling information for Paging and short message are present in the DCI



6.3	VRB-to-PRB mapping bit in the DCI 1-1
In RAN1#92bis, it was concluded to remove UL VRB-to-PRB interleaver from Release-15. For DL VRB-to-PRB interleaver, similar to the FH case, if UE is not configured with VRB-to-PRB interleaving, there is no need to carry the VRB-to-PRB interleaver flag in the DCI 1-1. 

Therefore, we propose that  

[bookmark: _Toc513797340][bookmark: _Toc521675626] VRB-to-PRB mapping bit is optional in DCI format 1-1.
[bookmark: _Toc513797341][bookmark: _Toc521675627] VRB-to-PRB mapping – 0 or 1 bit:
[bookmark: _Toc513797342][bookmark: _Toc521675628]-	0 bit if only resource allocation type 0 is configured or if VRB-to-PRB mapping is not configured by higher layers;
[bookmark: _Toc513797343][bookmark: _Toc521675629]-	1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in Subclause 7.3.1.6 of [4, TS 38.211].

[bookmark: _Toc521675630]Adopt the text proposals provided in Section 7.
7	Text Proposals: DCI contents and formats
>>> Text Proposal for 38.212 Section 7.3.1.2.1 >>>
Table 7.3.1.2.1-1: Short Message indicator
Bit field
Short Message indicatorPUSCH frequency hopping
00
Reserved
01
Only scheduling information for Paging is present in the DCI
10
Only short message is present in the DCI
11
Both scheduling information for Paging and short message are present in the DCI


>>> End Text Proposal >>>
Conclusion
In the previous sections we made the following observations: 
Observation 1	Low numerology scheduling high numerology seems to be the main use case for cross-carrier scheduling with different numerologies.
Observation 2	For cross-carrier scheduling with different numerologies, in the case of low numerology scheduling high numerology, BD/CCE limits based on the scheduling cell may restrict the scheduling flexibility. BD/CCE limits based on the scheduled cell is more forward looking and enables flexible scheduling. The latter option is however more demanding than the former in terms of UE implementation.
Observation 3	For a mixed scheduling scenario with both self-scheduling and cross-carrier scheduling, it can be up to the network to assign BDs/CCEs across the scheduling CCs as long as the respective BD/CCE limits on each self-scheduling only CC and on each cross-carrier scheduling CC are respected.
Observation 4	In the search space provided in the MIB or in controlResourceSetZero, no TCI states are included.
Observation 5	The monitoring occasion for search space #0 depends on which SSB the UE selects, independent of a potentially configured TCI state.
Observation 6	In current specs, dedicated RRC signalling can be used to reconfigure CORESET #0 with, e.g., TCI states.
Observation 7	Adding the 3 ms and 4 ms periodicities to align the LTE and NR TDD configurations is future proof to avoid running into frame-alignment issues for some features in the future.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For same numerology and cross-carrier scheduling with configuration up to T CCs and BD capability y<T (y = 4, …, or 16, T = 1, …, or 16): the limit of BDs/CCEs of a scheduling CC per slot is min(X, y) * (the limit of BDs/CCEs for non-CA case), where X is the number of CCs schedulable by the scheduling CC; the limit of BDs/CCEs per slot across all the scheduling CCs is y * (the limit of BDs/CCEs for non-CA case).
Proposal 2	For cross-carrier scheduling with different numerologies in the case with up to 4 CCs, or configuration up to T CCs with BD capability y>=T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology ,  is the number of CCs with numerology  schedulable by the scheduling CC.
Proposal 3	For cross-carrier scheduling with different numerologies in the case with configuration up to T CCs with BD capability y<T (y = 4, …, or 16, T = 1, …, or 16), the limit of BDs/CCEs of the scheduling CC per slot is , where  is the numerology of the scheduling CC,  is the index for numerology  of the scheduled CCs,  denotes the limit of BDs/CCEs for non-CA case for numerology ,  is the number of CCs with numerology  schedulable by the scheduling CC.
Proposal 4	TCI states can be configured and activated for CORESET #0.
Proposal 5	The RNTI value used for  in USS hashing equals C-RNTI.
Proposal 6	Adopt the text proposals provided in Section 3.
Proposal 7	Send a reply LS to RAN2 stating that for NR TDD configuration, the periodicity of 3 ms can only be used when two periodicities are configured.
Proposal 8	A UE expects that the TDD periodicity shall divide 20 ms evenly if only one periodicity is configured.
Proposal 9	Replace “tdd-UL-DL-ConfigDedicated” by “tdd-UL-DL-ConfigurationDedicated” in 38.213 to be consistent with 38.331.
Proposal 10	Adopt the text proposals provided in Section 5.
Proposal 11	Replace “transformPrecoder = enabled” in TS 38.212 by “transform precoder is enabled”; replace “transformPrecoder = disabled” in TS 38.212 by “transform precoder is disabled”.
Proposal 12	VRB-to-PRB mapping bit is optional in DCI format 1-1.
VRB-to-PRB mapping – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured or if VRB-to-PRB mapping is not configured by higher layers;
-	1 bit according to Table 7.3.1.1.2-33 otherwise, only applicable to resource allocation type 1, as defined in Subclause 7.3.1.6 of [4, TS 38.211].
Proposal 13	Adopt the text proposals provided in Section 7.
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	Up to 4 CCs
Or
Configured up to T CCs and with BD capability y>=T
(y = 4, …, or 16, T = 1, …, or 16)
	Configured up to T CCs and with BD capability y<T
(y = 4, …, or 16, T = 1, …, or 16)

	Same numerology
	Self-scheduling
	· The limit of BDs/CCEs per CC per slot is equal to the limit of BDs/CCEs for non-CA case 
· Network ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
	· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

	
	Cross carrier scheduling
	· The limit of BDs/CCEs of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
	· Proposal: The limit of BDs/CCEs of the scheduling CC per slot is min(X, y) * (the limit of BDs/CCEs for non-CA case), where X is the number of CCs schedulable by the scheduling CC. The limit of BDs/CCEs per slot across all the scheduling CCs is y * (the limit of BDs/CCEs for non-CA case).

	Different numerologies
	Self-scheduling
	· The limit of BDs/CCEs per CC per slot is equal to the limit of BDs/CCEs for non-CA case 
· Network ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
	· The total number of BDs/CCEs across CCs per numerology is based on UE BD capability. It can be split across CCs for the given numerology, subject to the non-CA limit on each CC.
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the limit of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· For SCell, NW ensures no overbooking based on non-CA case occurs

	
	Cross carrier scheduling
	· Proposal: The limit of BDs/CCEs of the scheduling CC per slot is 

where
·  is the numerology of the scheduling CC
·  is index for the -th numerology of the scheduled CCs
·  denotes the limit of BDs/CCEs for non-CA case for numerology 
·  is the number of CCs with numerology  schedulable by the scheduling CC
	· Proposal: The limit of BDs/CCEs of the scheduling CC per slot is 

where
·  is the numerology of the scheduling CC
·  is index for the -th numerology of the scheduled CCs
·  denotes the limit of BDs/CCEs for non-CA case for numerology 
·  is the number of CCs with numerology  schedulable by the scheduling CC
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Example 1:

Scheduling CC: 15 kHz BD =44

Scheduled CC: 120 kHz |BD=20 |BD=20 [BD=20 |BD=20 |BD=20 |[BD=20 [BD=20 |BD=20

Example 2:

Scheduled CC: 15 kHz BD =44

Scheduling CC: 30 kHz BD =36 BD =36

Scheduled CC: 120 kHz |BD=20 |BD=20 [BD=20 |BD=20 |BD=20 |[BD=20 [BD=20 |BD=20
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