Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk513453549]3GPP TSG-RAN WG1 Meeting #93	Tdoc R1-1807255
Busan, South Korea, May 21-25 2018

Agenda Item:	7.1.3.3.1
Source:	Ericsson
Title:	Remaining issues of UL/DL Resource Allocation 
Document for:	Discussion/Decision

1	Introduction
We discuss the following aspects.
· Resource allocation for paging
· Fixed default resource allocation table
· Resource allocation table configured in RRC 
· Frequency domain resource allocation for Msg3
· xOverhead for broadcast RNTI
· TP for TBS/MCS for PUSCH scheduled by RAR UL grant
· Calculation for UE data rate for LTE when operating EN-DC

[bookmark: _Ref178064866]2	Discussion
2.1 Resource allocation for paging
Resource allocation for paging has been overlooked in the resource allocation session. Now we get the last chance to fix that for release 15. 
Analog beamforming in the high band can be configured with maximum 64 beams. It means 1 paging message, same beam for PDCCH and PDSCH get repeated 64 times in order to reach all UEs. The size of the paging message depends on the number of UEs been paged in one paging occasion. In LTE that number is 16, but this may be increased in NR, even 64 has been mentioned, which would amount to more than 3000 bits. The paging occasion definition and the use of beam sweeping impose additional constraints on PDCCH and PDSCH transmission that are not present for regular data transmission. 
For example, performing a single paging sweep for adjacent PDCCH+PDSCH transmission in each beam would lead to excessively long paging occasions in some deployments and using two successive beam sweeps (one for the PDCCH and one for the PDSCH) clearly also introduces properties that clearly deviates from the properties of regular data transmission. 
The time density of the PDCCH beams and the time duration of each PDCCH beam in a beam sweep are yet to be determined, but a realistic assumption is that there will be two beams per slot (where a slot consists of 14 OFDM symbols), while a PDSCH beam sweep may possibly require scarcer beams due to longer duration of each individual beam. Note that it is assumed that a large number of beams cannot be transmitted back to back. Some gaps have to be included in the beam sweep to provide opportunities e.g. for uplink transmissions in a TDD system or for URLLC related transmissions or other transmissions with low latency requirements.
However, the resource allocation schemes considered for NR in 3GPP so far have not taken the properties of paging (and system information) into account. This is a void that has to be filled, e.g. in terms of resource allocation when the dual beam sweep method for paging is used (i.e. a PDCCH beam sweep followed by a PDSCH beam sweep).
[bookmark: _GoBack]To have a time domain resource allocation to cover the specific paging requirementa K0 value has to be at least as large as the duration of the longest beam sweep, which is 64 beams with two beams per slot, resulting in 32 slots (assuming that the PDCCH beam sweep will not need longer time than the SS/PBCH block beam sweep). But it then also depends on the duration required for the PDSCH beam sweep, which depends on the size of the PDSCH paging message, which depends on the number of UEs being paged in the paging occasion (PO). If the PDCCH beam sweep and the PDSCH beam sweep are transmitted back to back, then the first PDCCH transmission should indicate a K0 value equal to the duration of the PDCCH beam sweep, while the last PDCCH transmission should indicate a K0 value equal to the duration of the PDSCH beam sweep. The PDCCH transmissions between the first and the last should indicate K0 values between these two K0 values. This implies that if a compact PDSCH beam sweep is desired, quite some flexibility in the K0 configuration is need, i.e. rather fine-granular K0 steps. One could of course trade off the flexibility (and optimal PDSCH beam sweep, e.g. in terms of compact PDSCH beam sweep, i.e. a beam sweep without unnecessary gaps) to achieve lower complexity, e.g. smaller time domain allocation tables. From a UE energy saving perspective, it is the effectiveness of the PDCCH monitoring that is important. The PDSCH beam sweep is not crucial, since the UE will only receive one of the PDSCH transmissions anyway.
Let’s look at a case where 64 beams are used and the duration of the PDCCH beam sweep is 32 slots and the duration of the PDSCH beam sweep is N > 32 slots and let’s assume (without anything to back it up) that N=64 slots. As an example, we could have an offset parameter of 3 bits in the DCI. These bits could indicate the following offsets (in number of slots): 0, 32, 40, 48, 56, 64, 96 and 128. Combining this offset with a time domain allocation table including K0 values 0, 1, 2, 3, 4, 5, 6 and 7 would allow ample flexibility during normal operation. In the normal case, the first PDCCH transmission would indicate offset = 32 combined with K0 = 0 the second last PDCCH transmission would indicate offset = 56 combined with K0 = 7 and the last PDCCH transmission would indicate offset = 64 combined with K0 = 0. Offset = 0 would be used when the PDCCH and PDSCH are not transmitted as two separate beam sweeps, but rather integrated in a single beam sweep. The possibility to use offset = 64 combined with K0 = 1, 2, 3, 4, 5, 6 or 7  for the last PDCCH transmission could be utilized if a gap of up to 7 slots is desired between the PDCCH beam sweep and the PDSCH beam sweep, e.g. to give room for other communication tasks. Offsets 64 and 96 would be used for cases of PDCCH sliding, e.g. for interruption of the PDSCH beam sweep (i.e. inserting a gap in the PDSCH beam sweep) to give room for the PDCCH beam sweep of the next PO. “PDSCH sliding” refers to a scenario where the gap between the PDCCH beam sweep and the PDSCH beam sweep increases, because the gNB does not manage to transmit all the PDSCH transmissions before the next PO arrives, which may occur during high paging load peaks in deployments with densely configured POs.
And then we also have the cases where not all the potential beams are utilized (i.e. not all beam “positions” are utilized, as indicated by the ssb-PositionsInBurst IE in SIB1. How do we cater for those cases? For instance, in a cell with 64 potential beams (i.e. 64 beam “positions”) where only 48 of them are used, offset values starting at 32 slots would not be suitable, e.g. if you want the PDSCH beam sweep to start immediately after the PDCCH beam sweep. Assumedly, extending the offset parameters to 4 bits, adding a few smaller offset values, e.g. 16 and 24 could do the trick, leaving a few code points reserved (or set to even smaller values e.g. to be used for cells with fewer potential beams (i.e. fewer beam “positions”) such as 8 potential beams in case the offset parameter should be generic and used in all number-of-potential-beams-scenarios).

[bookmark: _Ref482189215][image: ]
Figure 1: SS/PBCH block symbols in slots (each small box is an OFDM symbol, dark symbols are mapped)

[bookmark: _Toc513810652]Use some of DCI reserved bit field in P-RNTI DCI to indicate the slot gap. UE derives the PDSCH slot for paging using DCI slot gap field and time domain resource allocation index.

As shown so far, the slot offset in cases of dual beam sweeping (and potential PDSCH sliding) can be indicated by a combination of 4 bits in the DCI and K0 values (from a time domain allocation table) ranging from 0 to 7. The 0-7 K0 value range means that it in practice represents 3 bits that are combined with the 4 bits in the DCI.
Using a combination of bits in the DCI and K0 values in a tailored time domain allocation table could be seen as a good compromise to not use too many DCI bits. However, one may also argue that since there are enough (currently reserved) bits available in the DCI, it might be better to place all the 7 bits in the DCI, which is a simpler solution that eliminates the need for a time domain allocation table tailored for dual beam sweep paging. In addition, a time domain allocation table (with 16 entries) with K0 values ranging from 0-7 would only allow on average two configurations per K0 value, which is rather limited.

[bookmark: _Toc513804241][bookmark: _Toc513810626]Indicating the slot offset through 4 bits in the DCI combined with a K0 parameter with the value range 0-7 (in a time domain allocation table) in practice means that 7 bits are used to represent the slot offset.
[bookmark: _Toc513804242][bookmark: _Toc513810627]There are enough (currently reserved) bits available in the P-RNTI DCI to accommodate all the 7 bits used to represent the slot offset (and PDSCH sliding) in cases of dual beam sweeping. This would eliminate the need for a time domain allocation table with large K0 values

When all 7 bits are placed in the DCI, there is no reason to keep the above discussed division into a 4-bit part and a 3-bit part. Instead, the 7 bits in the DCI would be a single slot offset parameter with 128 code points (0-127) that should be mapped to suitably selected slot offset values.
The suitably selected slot offset values should handle both regular cases of dual beam sweep paging and cases of PDSCH sliding. The latter occurs when there is not enough time to perform all the PDSCH transmissions before the next PO. Hence, in such situations some of the PDSCH transmissions have to be postponed until after the next PO (to leave room for a potential paging PDCCH beam sweep in that PO). Hence, it would be suitable and convenient to define some slot offset values to be measured in relation to the end of the next PO instead of in relation to the current slot (i.e. the slot of the current PDCCH transmission). (Note that the UE is always aware of the start and end of the next PO, since it knows the PO allocation/configuration algorithm and has all the necessary input parameters.)

[bookmark: _Toc513810653]Using 7 bits for slot gap in DCI field when paging message is scheduled.
[bookmark: _Toc513810654]With the 7 bits representing value from 0 to 127. Code points of value 0-96 map directly to the offset values 0-96 slots (i.e. offsets in relation to the PDCCH transmission). The remaining code points, i.e. 97-127 is used when the PDSCH beam sweep extend/slide beyond the next PO. Code points 97-127 map to offset values 1-31 measured from the end of the next PO (i.e. from the end of the next paging PDCCH beam sweep).

	Field
	Bits
	Comment

	Short Messages Indicator
	2
	Already captured in 38.212. Need to add interpretation.
00 = short message ([8] bits defined by RAN2 + padding to meet the DCI size)
01 = paging message scheduled (following fields)
10 = simultaneous short message service and paging messaged scheduled (following fields)
11 = reserved 

	In case of short message service

	Short message
	[8]
	Defined by RAN2. The number of bits to be checked with RAN2.

	Reserved bits
	
	To meet overall DCI size

	In case of paging message

	Frequency domain resource assignment
	[image: cid:image001.png@01D3E631.3510DD40]
	 

	Time domain resource assignment
	4
	Note: applicability of the currently agreed default table to paging or whether an additional default table or SIB1 signaled table is FFS.

	VRB-to-PRB mapping
	1
	 

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM

	TB scaling
	2
	To scale TB size

	Beam sweep slots gap
	7
	Encoded bitmap to indicate slot gap together with K0 value from Time domain resource assignment.

	Reserved bits
	(fixed value)
	To meet overall DCI size



Note: As proposed and motivated in our companion contribution R1-1807249, the Short Message Indicator is extended to 2 bits.

[bookmark: _Hlk513795022]2.2 Fixed default resource allocation table
During RAN1#92Bis meeting, agreement has been made on the content of default table for type A, B, C configuration. Type A is used for multiplexing type 1, the table contains 16 entries of configurations that will be used at least for RMSI scheduling. The SIB1 PDSCH allocation is quite specific comparing to normal data transmission or other broadcast transmissions, some of the SIB1 configurations using only 2 symbols might be unnecessary for other transmissions that requires high data throughput. It’s hence beneficial to added possibilities to start the PDSCH at symbol #1. One feasible solution is to modify row #9, #10 and #11 as shown in the following proposal.
[bookmark: _Toc513810655]For multiplexing type 1, configuration with PDCCH using only 1 symbol should be added with S = 1, L = {10, 11, 12} that can be used to achieve high downlink throughput.
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type A
	0
	1
	10

	10
	2,3
	Type A
	0
	1
	11

	11
	2,3
	Type A
	0
	1
	12

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4



To ease the load of RRC signaling, fixed table should be used as much as possible. For multiplexing type 2 and 3, only part of the table was defined for RMSI and the entries are valid for RMSI scheduling. Either compensate the table with more configurations and reuse the table for other transmissions or define new tables to address non-RMSI configuration should be decided.
It would be beneficial to define multiple fixed tables to fulfill certain transmission requirement. i.e. the paging with analog beamforming have very specific requirements to meet when paging periodicity and beam forming character need to work together. However, it is also unnecessary to define too many duplicated fixed tables. Tables used for similar purpose should be grouped together. 
[bookmark: _Toc513810656]Define separate RMSI default table and non-RMSI default tables. If they turn out to be 100% overlapping, indicate clearly in spec which part of table should be considered valid for RMSI. Non-RMSI default table works as default table for all other PDSCH transmissions if not override by RRC signaling.

2.3 RRC configured resource allocation table
There are 2 types of time domain allocation tables defined in RRC. 
· Allocation list defined in pdsch-configCommon/pusch-configCommon
· Allocation list defined in pdsch-config/pusch-config
Allocation list defined in pdsch-configCommon/pusch-configCommon shall serve the purpose to be used for broadcasting transmissions when the fixed table is no longer sufficient. Paging and system information carrying OSI can use the pdsch-configCommon table. During initial access, handover or dual connectivity switch from LTE to NR cell, UE can get the PDSCH/PUSCH allocation list in pdsch-configCommon/pusch-configCommon table, in that case the RA-RNTI and TC-RNTI transmission shall also use that table.
Allocation list defined in pdsch-config/pusch-config is needed when network want to address UE capability specific performance, that certain timing or allocation cannot be supported for normal UE or traffic and therefore differ from default time domain resource allocation table or allocation list defined in pdsch-configCommon/pusch-configCommon. C-RNTI and CS-RNTI can be transmitted in both CSS and USS, using fallback DCI format or DCI0_1/DCI1_1, shall UE use configCommon table if DCI received in CSS, and dedicated table if PDCCH is received in USS? Or shall UE always use dedicated table for data transmissions?

[bookmark: _Toc513810657]P-RNTI, SI-RNTI (except SIB1), RA-RNTI, TC-RNTI use pdsch-configCommon/pusch-configCommon provided table, if defined in RRC, otherwise using default PDSCH/PUSCH table.
[bookmark: _Toc513810658]Clarify which table/list should be applied for C-RNTI, CS-RNTI, if that should conditioned on where the PDCCH is received. 
[bookmark: _Toc513810659]C-RNTI and CS-RNTI always use the dedicated table defined in pdsch-config/pusch-config when configured.

2.4 Frequency domain resource allocation for Msg3
The following agreement was made in RAN1#92 regarding RAR.
Agreements:
· The number of bits for RAR is 56 for a UE. Send LS to RAN2 – R1-1803435, which is approved by updating “if need” to “if needed”, and the final LS is in R1-1803475
· Working assumption: Bit fields according to the table below.
· The LTE part is FYI
· Note: Need to check the entries in the time domain allocation table to fulfill ITU requirements
	
	LTE
	NR
	Comment

	Reserved
	1
	3
	

	Timing advance
	11
	12
	Agreed in 38.321

	Hopping flag
	1
	1
	Need to ensure FH is mandatory for the UE, at least for msg3.

	Frequency domain RA
	10
	12
	Resource allocation type 1. Reuse LTE wording on interpretation (but with numbers adjusted accordingly)
If FH, the first 1-2 bits are used for hopping information.

	Time domain RA
	1
	4
	Point to entries in the time allocation table. Check with resource allocation session regarding the number of bits. 

	Truncated MCS
	4
	4
	Same MCS table as for “normal” transmission without 256QAM, only lowest part used.

	TPC command
	3
	3
	-6 dB to 8 dB with a 2 dB step size. Check with power control session.

	CSI request
	1
	1
	Only for contention-free RA in Rel-15. A CSI configuration to be used in case the bit is set needs to be defined/configured.

	TC-RNTI
	16
	16
	

	Total
	48
	56
	



As highlighted in yellow in the above table, how to interpret the 12-bit frequency domain resource assignment is still not fully specified. In LTE, this is based on resource allocation type 1 with modified interpretation, as copied below.
LTE RIV calculation
Resource Allocation Type 1


In resource allocation type 1, the frequency domain resource assignment information consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks . The resource indication value is defined by

if  then


else 




where 1 and shall not exceed .  is the number of RBs in the corresponding BWP.

LTE RAR interpretation of the frequency domain RA:
-	The fixed size resource block assignment field is interpreted as follows:

-	if 

-	Truncate the fixed size resource block assignment to its b least significant bits, where , and interpret the truncated resource block assignment according to the rules for a regular DCI format 0
-	else 

-	Insert b most significant bits with value set to '0' after the NUL_hop hopping bits in the fixed size resource block assignment, where the number of hopping bits NUL_hop is zero when the hopping flag bit is not set to 1, and is defined in Table 8.4-1 when the hopping flag bit is set to 1, and , and interpret the expanded resource block assignment according to the rules for a regular DCI format 0
-	end if

Base on RAN2 discussion (R2-1804860), the MAC PDU size of MSG3 has a maximum size of 20 bytes (a selection of size between 13 and 17 bytes). From RAN1 perspective, the maximum MSG3 size should be supported by the 12 bits of frequency domain resource allocation (10 to 11 bits in case of frequency hopping).  
Below is a table that gives the number of RBs needed for different numbers of PUSCH OFDM symbols with different MCS values assuming 20 bytes payload in PUSCH.
	# of PUSCH symbols for MSG3
	# of DMRS symbols
	Required # of RBs
MCS = 0
	Required # of RBs
MCS = 6
	Required # of RBs
MCS = 15

	14
	3
	6
	2
	1

	7
	2
	12
	4
	1

	5
	1
	15
	4
	1

	4
	1
	19
	6
	2

	2
	1
	59
	16
	6



If RIV and the padding method for the RAR grant frequency resource allocation as in LTE are used, the supported RB allocation length with 12 bits of fixed size resource block assignment field for a BWP of 275 RBs is 1 ~ 15 RBs (here 15 comes from (floor (2^12 /275) + 1) and 261 ~ 275 RBs. These are insufficient for the maximum payload size of 20 bytes been discussed in RAN2 if less than 5 PUSCH symbols are configured for Msg3 transmission.
[bookmark: _Toc513804243][bookmark: _Toc513810628]If RIV and padding methods for RAR grant frequency allocation is used as in LTE, resource allocation size will be insufficient if less than 5 PUSCH symbols are configured for Msg3 transmission.

If frequency hopping is configured, 2 of the 12 bits will be used for indicating hopping position, then the remaining frequency allocation field of 10 bits can only represent allocation size of 1 ~ 4 RBs and 272 ~ 275 RBs. This resource allocation size might be sufficient if the It is most likely the initial UL BWP is much smaller than 275, and Msg3 is scheduled to transmit on more than 7 symbols, and probably without frequency hopping. The question is, shall we take the risk to transmit Msg3 under all above constraints? The problem with reusing LTE method to truncate in the MSB is the RIV coding method put the start position in LSB, and the allocation length in MSB. We could modify the RIV method to provide possibility to schedule sufficient RBs when some constrains are met.
Method 1:
· Use maximum 90 RBs as start RB and RB length to interpret the RIV for configuration of BWP larger than 90 RBs.
· Advantages:
· Straightforward solution
· Limits the start RB position within 90 RBs. 
· For BWP larger than 90 RBs: Start RB range is {0,1,2,…,89}, and RB length range is {1,2,…,90}
· Disadvantage:
· With frequency hopping the range of RB length will be shrinking to {1,2, …, 22}.

Note that here for 90 RBs, since log2(91*90/2)=11.99, 12 bits of fixed size frequency assignment can indicate all possible starting RBs and RB length, just as in LTE for 44 RB, log2(45*44/2)=11.99, 10 bits of fixed size frequency assignment can indicate all possible starting RBs and RB length.
Method 2:
· Use a modified RIV method with start position of granularity  = 4, using same padding method as in LTE on the MSB. With 12 bits, any allocation length smaller than 60 RBs can be represented within a BWP of 275 RBs.
· Advantages:
· The flexible allocation length is important for MSG3, as UE can be power limited under bad radio conditions, and thus it’s beneficial to keep the number of RBs as small as possible, not more than needed.
· More flexible start positions over the whole BWP compared to method 1.
· For BWP larger than 90, e.g., 275 RB, Start RB range is {0, 4, 8, …, 272}, and RB length range is {1,….59}
· The granularity can go down with smaller BWP between 90 and 275. But 4 can be used as a sufficient and simplified solution.
· Disadvantages:
· The start position is not contiguous that might leave hole in the spectrum and results in inefficient use of radio resources.
· If frequency hopping is enabled, RB length range is divided by 4 {1, 2, …, 14}

Based on the discussion above, we make the following proposals.
[bookmark: _Toc513810660]For number of PUSCH symbols larger than or equal to 5, the frequency domain RA field should be interpreted with RIV and MSB padding (as the way treated in LTE).
[bookmark: _Toc513810661]For number of PUSCH symbols smaller than 5, and BWP larger than 90 RBs, choose one of the two methods below to interpret the frequency allocation.
[bookmark: _Toc513810662]Option 1: 12 bits are used to indicate start RB range in {0,1,2,…, 89} and RB length range in {1,2, …, 90}
[bookmark: _Toc513810663]Option 2: 12 bits are used to indicate start RB range in {0, 4, 8, 12, …, 272} and RB length range in {1,2, …, 59}

If FH is enabled, for a BWP smaller than 50, 1 bit is used to indicate hopping position; for BWP larger than 50 RBs, 2 hopping bits are needed. 
[bookmark: _Toc513810664]If FH is enabled, RB granularity scales with hopping bits. RB granularity is 2 for 1 hopping bit, and 4 for 2 hopping bits. 

2.5	xOverhead for broadcast TBS and TBS/MCS for RAR UL
Currently the UE-specifically configured Xoverhead applied to the TBS for broadcast PDSCH. This requires gNB to always set the Xoh-PDSCH to same value for all UEs making its usage restrictive. An example in Figure 2 (with 24 PRB allocation) shows, a given RA/MCS does not map to same TBS value with two different Xoh values (e.g. 0 and 18). Thus a UE configured with Xoh = 18 will not be able to read same broadcast messages as another UE configured with Xoh = 0 (default). Therefore broadcast messages need to have predetermined or non-UE specifically configurable Xoh. It should be explicitly indicated in the DCI or fixed in specification. We propose latter as it is simpler. 
[image: C:\Users\enimaji\Desktop\meetings\RAN1_93_Busan\prep\xOverheadTBS.jpg]
Figure 2: TBS vs MCS for 24 PRB allocation and different Xoh values.

[bookmark: _Toc510647178][bookmark: _Toc510647388][bookmark: _Toc510647454][bookmark: _Toc510647497][bookmark: _Toc510697774][bookmark: _Toc510697825][bookmark: _Toc510697853][bookmark: _Toc510697897][bookmark: _Toc510698187][bookmark: _Toc510698226][bookmark: _Toc510698454][bookmark: _Toc510714305][bookmark: _Toc510714341][bookmark: _Toc510764746][bookmark: _Toc510764971][bookmark: _Toc510765940][bookmark: _Toc510794271][bookmark: _Toc510794947][bookmark: _Toc513634627][bookmark: _Toc513810665]For TBS determination of broadcast PDSCH (P-RNTI, RA-RNTI and SI-RNTI), xOverhead-PDSCH is set to 0, according to [1]. 

We also find that TBS/MCS determination for PUSCH scheduled by RAR UL grant is missing from the specification and propose a TP in [1] for adoption.
[bookmark: _Toc513810666]Adopt TP in [1] to 38.214 for MCS/TBS determination for PUSCH scheduled by RAR UL grant.

2.6	Calculation of UE data rate for LTE when operating EN-DC
The formula for calculating data rate for NR was discussed at the last RAN1 meeting briefly and was after that concluded over the email reflector. The main remaining topic is how to calculate the LTE data rate when the UE is operating in EN-DC mode. The task at hand is to answer the LS in R2-1803950 from RAN2. It is noted from RAN1 side that the use cases for this is to calculate the maximum achievable data rate this to be able to derive the L2 buffer size. Hence the formula is not used to calculate the instaneous data rate. It is therefore sufficient to consider subframe long transmissions as sTTI based scheduling has a higher overhead. 
Regarding the specific formula that RAN2 has derived, it would be better to modify it as below. The reason being that a UE can receive either one or a single transport block within one 1 ms. By that we keep the definition of a TBS to be aligned with the definition in 36.213. 
LTE Data rate in EN-DC (in Mbps) = 
wherein
C is the number of aggregated LTE component carriers in EN-DC band combination
J is the maximum number of transport blocks configured for the given carrier, i.e. either 1 or 2
TBS is the total maximum number of DL-SCH transport block bits within a 1ms TTI for c-th CC, as derived from TS36.213 based on the UE supported maximum MIMO layers for the c-th carrier and based on the modulation order and number of PRBs based on the bandwidth of the c-th carrier.
[bookmark: _Hlk513634372]
[bookmark: _Toc513634633][bookmark: _Toc513810667]The LTE data rate is derived by the following formula 
LTE Data rate in EN-DC (in Mbps) = , wherein
C is the number of aggregated LTE component carriers in EN-DC band combination,
J is the maximum number of transport blocks configured for the given carrier, i.e. either 1 or 2,
TBS is the total maximum number of DL-SCH transport block bits within a 1ms TTI for c-th CC, as derived from TS36.213 based on the UE supported maximum MIMO layers for the c-th carrier, and based on the modulation order and number of PRBs based on the bandwidth of the c-th carrier.
A draft LS is provided in [2]
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Conclusion
Based on the discussion in the previous sections we make the following observations:
Observation 1	Indicating the slot offset through 4 bits in the DCI combined with a K0 parameter with the value range 0-7 (in a time domain allocation table) in practice means that 7 bits are used to represent the slot offset.
Observation 2	There are enough (currently reserved) bits available in the P-RNTI DCI to accommodate all the 7 bits used to represent the slot offset (and PDSCH sliding) in cases of dual beam sweeping. This would eliminate the need for a time domain allocation table with large K0 values
Observation 3	If RIV and padding methods for RAR grant frequency allocation is used as in LTE, resource allocation size will be insufficient if less than 5 PUSCH symbols are configured for Msg3 transmission.

Based on the discussion, we propose the following:
Proposal 1	Use some of DCI reserved bit field in P-RNTI DCI to indicate the slot gap. UE derives the PDSCH slot for paging using DCI slot gap field and time domain resource allocation index.
Proposal 2	Using 7 bits for slot gap in DCI field when paging message is scheduled.
Proposal 3	With the 7 bits representing value from 0 to 127. Code points of value 0-96 map directly to the offset values 0-96 slots (i.e. offsets in relation to the PDCCH transmission). The remaining code points, i.e. 97-127 is used when the PDSCH beam sweep extend/slide beyond the next PO. Code points 97-127 map to offset values 1-31 measured from the end of the next PO (i.e. from the end of the next paging PDCCH beam sweep).
Proposal 4	For multiplexing type 1, configuration with PDCCH using only 1 symbol should be added with S = 1, L = {10, 11, 12} that can be used to achieve high downlink throughput.
Proposal 5	Define separate RMSI default table and non-RMSI default tables. If they turn out to be 100% overlapping, indicate clearly in spec which part of table should be considered valid for RMSI. Non-RMSI default table works as default table for all other PDSCH transmissions if not override by RRC signaling.
Proposal 6	P-RNTI, SI-RNTI (except SIB1), RA-RNTI, TC-RNTI use pdsch-configCommon/pusch-configCommon provided table, if defined in RRC, otherwise using default PDSCH/PUSCH table.
Proposal 7	Clarify which table/list should be applied for C-RNTI, CS-RNTI, if that should conditioned on where the PDCCH is received.
Proposal 8	C-RNTI and CS-RNTI always use the dedicated table defined in pdsch-config/pusch-config when configured.
Proposal 9	For number of PUSCH symbols larger than or equal to 5, the frequency domain RA field should be interpreted with RIV and MSB padding (as the way treated in LTE).
Proposal 10	For number of PUSCH symbols smaller than 5, and BWP larger than 90 RBs, choose one of the two methods below to interpret the frequency allocation.
Option 1: 12 bits are used to indicate start RB range in {0,1,2,…, 89} and RB length range in {1,2, …, 90}
Option 2: 12 bits are used to indicate start RB range in {0, 4, 8, 12, …, 272} and RB length range in {1,2, …, 59}
Proposal 11	If FH is enabled, RB granularity scales with hopping bits. RB granularity is 2 for 1 hopping bit, and 4 for 2 hopping bits.
Proposal 12	For TBS determination of broadcast PDSCH (P-RNTI, RA-RNTI and SI-RNTI), xOverhead-PDSCH is set to 0, according to [1].
Proposal 13	Adopt TP in [1] to 38.214 for MCS/TBS determination for PUSCH scheduled by RAR UL grant.
Proposal 14	The LTE data rate is derived by the following formula  LTE Data rate in EN-DC (in Mbps) = , wherein C is the number of aggregated LTE component carriers in EN-DC band combination J is the maximum number of transport blocks configured for the given carrier, i.e. either 1 or 2 TBS is the total maximum number of DL-SCH transport block bits within a 1ms TTI for c-th CC, as derived from TS36.213 based on the UE supported maximum MIMO layers for the c-th carrier, and based on the modulation order and number of PRBs based on the bandwidth of the c-th carrier. A draft LS is provided in [2]

[bookmark: _In-sequence_SDU_delivery]References
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[2] R1-1806384	[DRAFT] Reply LS on LTE peak data-rate calculation for EN-DC, 	Ericsson,TSG-RAN WG1 #93
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