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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we try to clarify the symbol direction for the CORESET of Type0-PDCCH CSS set.
[bookmark: _Ref129681832]Discussion
In TS 38.213, section 11.1 [1], there is a restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set 
For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.


During initial access, a UE first searches for SS/PBCH block and determines from MIB a CORESET for Type0-PDCCH CSS set. At this stage, the UE has not decoded SIB1 yet. The UE determines the PDCCH monitoring occasions for Type0-PDCCH CSS set based on pdcch-ConfigSIB1 in MIB for the detected SS/PBCH block. For instance, for SS/PBCH block and CORESET multiplexing pattern 1, the UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots. Since the TDD UL/DL configuration information is not known at the UE, the UE tries to decode PDCCH in both PDCCH candidate monitoring occasions even when one of the slot is actually indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated. From this perspective, the above restriction does not apply before tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated is provided to the UE.
Observation 1: The restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set in TS 38.213 does not apply before tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated is provided to the UE.
If the UE later detects that the symbol direction for the CORESET of Type0-PDCCH CSS set is indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, there may be two kinds of possible UE behaviours 
· Option 1: The UE regards this as an error configuration for MIB and/or SIB1
· Option 2: The UE discards the symbols that are indicated as uplink and does not monitor PDCCH in the set of symbols for Type0-PDCCH CSS set.
Option 1 leads to a more serious situation wherein the UE may discard MIB and/or SIB1 and cannot camp on the cell. In contrast, Option 2 has an impact on PDCCH monitoring for Type0-PDCCH CSS set and the UE can continue to perform random access and complete RRC connection. Therefore, Option 2 seems more reasonable since it has much less impact on RRC connection establishment. From this perspective, the restriction leave the UE behavior unspecified after tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated is provided to the UE, which may prohibit the UE from camping on the cell. 
Observation 2: The UE behavior is unspecified in TS 38.213 when the symbol direction for the CORESET of Type0-PDCCH CSS set is indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, which may prohibit the UE from camping on the cell.
In addition, the above restriction is in conflict with the design principle for SIB1 delivery. For SS/PBCH block and CORESET multiplexing pattern 1, the UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots. One motivation for such design is to provide flexibility to gNB. In case one of the slot is uplink or does not have enough PDCCH capacity, the gNB can transmit SIB1 in either of the slots. From the UE perspective, it attempts to detect SIB1 in either of the slots. Therefore, the above restriction is contradictory with the design principle for SIB1 delivery. 
Observation 3: The restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set in TS 38.213 is in conflict with the design principle for SIB1 delivery.
Moreover, if the above restriction has to be enforced, this either poses some limitations to the TDD UL/DL configuration or the number of SSBs that can be transmitted at the gNB. From network deployment perspective, neither of the above limitations is desirable. One example is provided in the Annex wherein for a network with a typical TDD UL/DL configuration 4:1. If the restriction has to be enforced only 5 SSBs can be transmitted as illustrated in Figure 1 while without the restriction 7 SSBs can be transmitted as illustrated in Figure 2. Therefore, a much better cell coverage can be achieved if the restriction can be removed. 
Observation 4: The restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set in TS 38.213 pose some limitations to the TDD UL/DL configuration or the number of SSBs that can be transmitted at the gNB, which is not preferred for practical network deployment.
Based on the above analysis, we have the following proposals and a companion CR is also provided in [2]
Proposal 1: The symbol(s) for the CORESET of Type0-PDCCH CSS set can be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
Proposal 2: If at least one of a set of symbols in a slot for a CORESET of Type0-PDCCH CSS set is indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated for a UE, the UE does not monitor PDCCH for Type0-PDCCH CSS set on the set of symbols in the slot. 
Conclusions
Based on discussion above, we have the following observations and proposals
Observation 1: The restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set in TS 38.213 does not apply before tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated is provided to the UE.
Observation 2: The UE behavior is unspecified in TS 38.213 when the symbol direction for the CORESET of Type0-PDCCH CSS set is indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, which may prohibit the UE from camping on the cell.
Observation 3: The restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set in TS 38.213 is in conflict with the design principle for SIB1 delivery.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 4: The restriction on the symbol direction for a CORESET of Type0-PDCCH CSS set in TS 38.213 pose some limitations to the TDD UL/DL configuration or the number of SSBs that can be transmitted at the gNB, which is not preferred for practical network deployment.
[bookmark: _GoBack]Proposal 1: The symbol(s) for the CORESET of Type0-PDCCH CSS set can be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
Proposal 2: If at least one of a set of symbols in a slot for a CORESET of Type0-PDCCH CSS set is indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated for a UE, the UE does not monitor PDCCH for Type0-PDCCH CSS set on the set of symbols in the slot. 
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Annex
Network configurations
· SSB SCS: 30 kHz
· TDD UL/DL configuration: DDDS(10:2:2)U
· SS/PBCH block and CORESET multiplexing pattern: 1
· Index value of Table 13-11 in TS38.213 (searchSpaceZero in pdcch-configSIB1): 4
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Figure 1. Number of allowed SS/PBCH blocks = 5 with the restriction
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Figure 2. Number of allowed SS/PBCH blocks = 7 without the restriction

Table 1. The first slot n0 for PDCCH monitoring in Type0-PDCCH CSS set
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Index O M 0 1 2 3 4 5 6 7

0 0 1 0 1 2 3 4 5 6 7

1 0 0.5 0 0 1 1 2 2 3 3

2 2 1 4 5 6 7 8 9 10 11

3 2 0.5 4 4 5 5 6 6 7 7

4 5 1 10 11 12 13 14 15 16 17

5 5 0.5 10 10 11 11 12 12 13 13

6 7 1 14 15 16 17 18 19 0 1

7 7 0.5 14 14 15 15 16 16 17 17

8 0 1 0 1 2 3 4 5 6 7

9 5 2 10 12 14 16 18 0 2 4

10 0 2 0 2 4 6 8 10 12 14

11 0 1 0 1 2 3 4 5 6 7

12 2 1 4 5 6 7 8 9 10 11

13 2 1 4 5 6 7 8 9 10 11

14 5 1 10 11 12 13 14 15 16 17

15 5 1 10 11 12 13 14 15 16 17

Table 13-11 from TS38.213 SS/PBCH block index

First n

0

 of the two consecutive slots for Type0-PDCCH CSS set monitoring
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