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1 Introduction
It has been proposed some candidate schemes to design the slot formats for ECP in offline discussion for RAN1#92 meeting, and the results of offline discussion can be found as following: 
	Currently the slot format table defined in 38.211[1] considers NCP only. There are 14 columns in the table corresponds to 14 symbols in a slot for NCP case. For 60KHz SCS, ECP is also supported. How to extend the table for ECP case needs further discussion. One possible solution is to define a separate table following the same philosophy of the NCP table. Another possible solution is to use the NCP table directly and re-interpret the entries (say remove two columns) for ECP use case.

Proposal: On slot format table definition for ECP

· Alt 1. Start from NCP table, remove two columns

· Alt 1.1. Remove the last 2 columns

· Alt 1.2. For each NCP slot format, remove two symbols from the direction (D/X/U) with the largest numbers.
· Alt 2. Directly map from the slot format indicated by the NCP table

· Each 14 symbol slot as indicated by the slot format, determine the direction of each ECP symbol using the direction of (partially) overlapping NCP symbols

· If all (partially) overlapping NCP symbols are D, the ECP symbol is D

· If all (partially) overlapping NCP symbols are U, the ECP symbol is U

· If one of (partially) overlapping NCP symbols is X, the ECP symbol is X


For slot format indicated by GC-PDCCH, a reference SCS has been agreed to be included in UE-specific SFI table configuration [2]. 
	Agreements:

· Explicitly add reference SCS field in UE-specific SFI table configuration

· The UE does not expect the reference SCS to have larger SCS than any of the configured BWP the GC-PDCCH is configured for

· The reference SCS is UE-specifically configured per BWP per cell (new RRC parameter)

· For FR1: 15kHz/30kHz/60kHz

· For FR2: 60kHz/120kHz


The slot formats specified in current TS 38.211 are all for NCP, then the issue of how to indicate the slot formats for a DL BWP or a UL BWP of a serving cell if the configured cyclic prefix is ECP needs to be resolved. In this contribution, we propose to have Alt 1.2 in the offline discussion shown above as the scheme to design slot formats for ECP and give some text proposals as well. And some issues about NCP and ECP multiplexing are discussed.  
2 Discussion 
2.1 ECP slot format based on Alt1：Start from NCP table, remove two columns
To facilitate the design of such a slot format table for ECP, some slot formats for ECP can be obtained by removing two symbols from the slot formats for NCP, which have been specified in Table 4.3.2-3 in TS 38.211. Some options based on Alt1 are given as reference below: 
Option 1: The two symbols are selected from the symbols of the same type with the largest number within the 14 symbols. 
For example, some slot formats for ECP in Table 1 can be obtained from entry 0~4 in Table 4.3.2-3 in TS 38.211.
For slot formats in entry 46~ 53 which consist of two same half slots, one symbol is selected from the first half slot and the other one is from the second half slot to guarantee the symmetry, e.g., entry 46~48 in Table 1. 
Table 1 Slot formats for ECP based on Option 1 
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	46
	D
	D
	D
	D
	X
	U
	D
	D
	D
	D
	X
	U

	47
	D
	D
	X
	U
	U
	U
	D
	D
	X
	U
	U
	U

	48
	D
	X
	U
	U
	U
	U
	D
	X
	U
	U
	U
	U

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…


Option 2: The first one is selected from the symbols of the same type with the most number within 14 symbols, and then the second one is selected from the symbols of the same type with the most number within the remaining 13 symbols. 
For example, some slot formats for ECP in Table 2 can be obtained from entry 44~45 in Table 4.3.2-3 in TS 38.211. Obviously, most slot formats for ECP obtained by Option 2 are common to those obtained by Option 1.
Table 2 Slot formats for ECP based on Alt 2
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	44
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X
	U
	U

	45
	D
	D
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…


Option 3: The table of slot format for ECP can be obtained by removing the last two columns of the table of slot format for NCP while dropping some invalid slot formats. 
For example, some slot formats for ECP in Table 3 can be obtained from entry 33~36 in Table 4.3.2-3 in TS 38.211.
Table 3 Slot formats for ECP based on Alt 3
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X

	34
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…


Based on discussion on three options above, option 1 is the simplest and reasonable to generate the ECP SFI format table.
2.2 ECP slot format based on Alt2：Directly map from the slot format indicated by the NCP table
For NCP, since CP length of the first symbol within 0.5ms is longer than other symbols, the first 60kHz slot within 0.5ms is longer than the second slot. While for ECP, each slot has the same length. Consequently, as illustrated in Figure 1, 60kHz NCP and ECP slot is aligned only at 0.5ms boundary. The first ECP symbol of slot1 is partially overlapping the last NCP symbol of slot0 and the first NCP symbol of slot1. Therefore, if Alt2 is adopted, slot format of ECP slot1 should be determined according to the combination of slot format of NCP slot0 and slot1. Considering lots of combination of slot format of NCP slot0 and slot1, it will significantly increase UE processing complexity. 
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Figure 1 0.5ms symbol boundary alignment between 60kHz NCP and ECP
Proposal 1: Slot format for ECP can be obtained by removing two symbols of the same type with the largest number within 14 symbols based on the slot format for NCP specified in TS 38.211. 
According to the discussion above, some text proposals based on the slot formats for ECP obtained by Option 1 are given as well. 
2.3 ECP and NCP slot multiplexing

2.3.1 ECP and NCP Multiplexing within a slot

It has been agreed that CP type of DL and UL BWP is separately configured. However, if different CP types are configured, slot format indication will be complex for unpaired spectrum. As illustrated in Figure 2, due to symbol non-alignment between NCP and ECP symbol, blank time which is shorter than a NCP symbol is needed, which needs extra specification work. Therefore, for unpaired spectrum, CP type of DL and UL should be assumed to be same within a slot.
· ECP DL + NCP UL
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Figure 2 NCP and ECP multiplexing within a slot

Proposal 2: For unpaired spectrum, CP type of DL and UL should be assumed to be same within a slot. 
2.3.2  SSB and ECP Multiplexing 
If a BWP is configured with NCP, the UE may assume that the complex-valued symbols corresponding to resource elements that are part of common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to zero in the OFDM symbols where SS/PBCH block is transmitted, i.e. UE rate matching around those REs.
In current 38.211 specification, PDSCH is rate matched around SS/PBCH block. For the time-domain, PDSCH in the OFDM symbols where SS/PBCH block is transmitted is rate matched. For PDSCH with ECP, due to symbol non-alignment between NCP and ECP symbol, it should be clarified that if an ECP symbol is partially or fully overlapping with SS/PBCH symbols, PDSCH in the ECP symbol is rate matched.
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Figure 3 SSB with 30 kHz NCP multiplexing with 60 kHz ECP
Proposal 3: For PRBs partially or fully overlapping with an SS/PBCH block, PDSCH is rate matched around these PRBs in ECP symbols that are partially or fully overlapping with symbols of the SS/PBCH block.
3 Conclusion

Proposal 1: Slot format for ECP can be obtained by removing two symbols of the same type with the largest number within 14 symbols based on the slot format for NCP specified in TS 38.211. 

Proposal 2: For unpaired spectrum, CP type of DL and UL should be assumed to be same within a slot. 
Proposal 3: For PRBs partially or fully overlapping with an SS/PBCH block, PDSCH is rate matched around these PRBs in ECP symbols that are partially or fully overlapping with symbols of the SS/PBCH block.
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5 Text Proposals in TS 38.211
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
4.3.2
Slots

For subcarrier spacing configuration 
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 in increasing order within a frame. There are 
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 consecutive OFDM symbols in a slot where 
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 depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot 
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 in a subframe is aligned in time with the start of OFDM symbol 
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OFDM symbols in a slot can be classified as 'downlink' (denoted 'D' in Table 4.3.2-3 and Table 4.3.2-4), 'flexible' (denoted 'X'), or 'uplink' (denoted 'U'). 

In a downlink slot, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' symbols.

In an uplink slot, the UE shall only transmit in 'uplink' or 'flexible' symbols.

Table 4.3.2-4: Slot formats for extended cyclic prefix
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X

	6
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X

	7
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X

	8
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	9
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	10
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	14
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U

	15
	X
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U

	16
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	17
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	18
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X

	19
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	20
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	21
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	U

	22
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	23
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	24
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	U
	U

	25
	D
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	26
	D
	D
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	27
	D
	D
	D
	X
	X
	X
	X
	X
	X
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U
	U

	34
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U

	40
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	U

	44
	D
	D
	D
	D
	X
	X
	X
	X
	X
	X
	U
	U

	45
	D
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	X
	U
	D
	D
	D
	D
	X
	U

	47
	D
	D
	X
	U
	U
	U
	D
	D
	X
	U
	U
	U

	48
	D
	X
	U
	U
	U
	U
	D
	X
	U
	U
	U
	U

	49
	D
	D
	D
	X
	X
	U
	D
	D
	D
	X
	X
	U

	50
	D
	D
	X
	X
	U
	U
	D
	D
	X
	X
	U
	U

	51
	D
	X
	X
	U
	U
	U
	D
	X
	X
	U
	U
	U

	52
	D
	X
	X
	X
	X
	U 
	D
	X
	X
	X
	X
	U 

	53
	D
	D
	X
	X
	X
	U 
	D
	D
	X
	X
	X
	U 

	54
	X
	X
	X
	X
	X
	X
	D
	D
	D
	D
	D
	D

	55
	D
	D
	X
	X
	X
	U
	U
	U
	D
	D
	D
	D

	56-255
	Reserved


< Unchanged parts are omitted >
7.4.3
SS/PBCH block 
7.4.3.1
Time-frequency structure of an SS/PBCH block

In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols as given by Table 7.4.3.1-1. 

In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities 
[image: image11.wmf]k

 and 
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 represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity 
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 in Table 7.4.3.1-1 is given by 
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 is the subcarrier offset from subcarrier 0 in common resource block 
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 to subcarrier 0 of the SS/PBCH block, where 
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 is obtained from the higher-layer parameter offset-ref-low-scs-ref-PRB and where the 4 least significant bits of 
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 are given by the higher-layer parameter ssb-subcarrierOffset and for SS/PBCH block type A the most significant bits of 
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 are given by 
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 in the PBCH payload as defined in subclause 7.1.1 of [4, TS 38.212].

The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set set to zero in the OFDM symbols with normal CP where SS/PBCH block is transmitted or in the OFDM symbols with extended CP that are partially or fully overlapping with the OFDM symbols with normal CP where SS/PBCH block is transmitted. 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal ---------------------------------------------
6 Text Proposals in TS 38.213
--------------------------------------- Start of Text Proposal ----------------------------------------------
11.1.1
UE procedure for determining slot format
< Unchanged parts are omitted >
A DCI format 2_0 indicates a slot format for each slot in a number of slots for a DL BWP or UL BWP of a serving cell. The indication is by mapping a value of a SFI-index field in DCI format 2_0 for the serving cell to a combination of slot formats for the number of slots as provided by higher layer parameter slot-format-combination. The mapping between values of the SFI-index field and combinations of slot formats is provided by higher layer parameter slot-format-combination-index. A slot format is identified by a corresponding index in Table 4.3.2-3 [4, TS 38.211] if it is for NCP or a slot format is identified by a corresponding index in Table 4.3.2-4 [4, TS 38.211] if it is for ECP. 
For unpaired spectrum operation on a serving cell, a UE is provided by higher layer parameter SFI-scs a reference subcarrier spacing configuration of 
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 for each slot format in a combination of slot formats indicated by a SFI-index field in DCI format 2_0. A UE is expected to be provided with a reference subcarrier spacing configuration of 
[image: image22.wmf]SFI

m

 so that for an active DL BWP and UL BWP pair with subcarrier spacing configuration of 
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, it is 
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Each slot format in the combination of slot formats indicated by the SFI-index field in DCI format 2_0 is applicable to 
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 consecutive slots in the active DL BWP and UL BWP pair where the first slot starts at a same time as a first slot for the reference subcarrier spacing configuration of 
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For paired spectrum operation on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination of slot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats for a reference UL BWP of the serving cell. A UE is provided by higher layer parameter SFI-scs a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference DL BWP of the serving cell. The UE is provided by higher layer parameter SFI-scs2 a reference subcarrier spacing configuration of 
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 for the combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference UL BWP of the serving cell. If 
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, the first 
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 values for the combination of slot formats are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. If 
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, the first value for the combination of slot formats is applicable to the reference DL BWP and the next 
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 values are applicable to the reference UL BWP. 

< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal ---------------------------------------------
7 Text Proposals in TS 38.214
--------------------------------------- Start of Text Proposal ----------------------------------------------
5.1
UE procedure for receiving the physical downlink shared channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-processesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.
A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.
If the UE has received no SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols with normal CP where SS/PBCH block is transmitted or in the OFDM symbols with extended CP that are partially or fully overlapping with the OFDM symbols with normal CP where SS/PBCH block is transmitted. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.

If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to the SSB-transmitted, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols with normal CP where SS/PBCH block is transmitted or in the OFDM symbols with extended CP that are partially or fully overlapping with the OFDM symbols with normal CP where SS/PBCH block is transmitted. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
When receiving the PDSCH conveying [SystemInformationBlockType1], a UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.

When receiving the PDSCH conveying [RAR, OSI, Paging, Msg4], the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols with normal CP where SS/PBCH block is transmitted or in the OFDM symbols with extended CP that are partially or fully overlapping with the OFDM symbols with normal CP where SS/PBCH block is transmitted.
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal ---------------------------------------------
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