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1
Introduction
In RAN 66 meeting, a new WI [1] was approved targeting for “LTE Carrier Aggregation Enhancement Beyond 5 Carriers”.
In the WI, up to 32 (DL) carriers will be supported, which leads to much higher peak data rate than current CA.
In this paper, we try to analyze the potential peak data rate using up to 32 carriers and possible incoming impact on PDCP, RLC and MAC layers.
2
Discussion
2.1
Possible peak data rate for up to 32 carriers
According to [2][3], the maximum TBS for 110 PRBs and four layers reaches 391656 bits, and two TBs are supported in one TTI in one carrier, so the peak data rate for one 20MHz carrier is 783.312Mbps.
When 32 carriers are applied, the theoretical DL peak data rate will be up to
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. That is, the UE configured with 32 carriers will support up to 25Gbps in theory.
However, considering that 25Gbps peak data rate is theoretical, the actual peak data rate is lower than 25Gbps considering the radio conditions.

In addition, LAA is considered in this WI, which means the spectrum may be not available sometimes. This may degrade the 25Gbps peak data rate.
Proposal1: For future proof, a peak data rate of 25 Gbps can be considered as the baseline to determine the range of L2 parameters.
2.2
Impact on the length of PDCP SN
The length of PDCP SN will impact on the number of PDCP SDUs within one PDCP RTT, i.e. different peak data rate may require different length of PDCP SN.
In simplicity, we can obtain the needed PDCP SN length by the following calculation: [8]
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Based on the above formula (1), we list the parameters and corresponding needed PDCP SN length in the following table:

Table 1 PDCP SN Length Calculation
	PDCP SN Length Calculation for 25Gbps data rate

	DL data rate(Gbps)
	25
	25
	25
	25
	25

	PDCP SDU Size(Bytes)
	1500
	1500
	1500
	1500
	1500

	PDCP RTT(ms)
	75
	50
	30
	20
	10

	PDCP SN Length(bit)
	19
	18
	18
	17
	16


From above table, we can see that at least 16bit PDCP SN length are needed which means that the length of PDCP SN shall be extended to support 25Gbps peak data rate.

Proposal2: the length of PDCP SN shall be extended.
The next issue is how long the PDCP SN should be extended to. It seems 18bit is enough for 10ms~50ms PDCP RTT. However, in one hand, the PDCP RTT may be longer than 50ms, which may need longer length of PDCP SN than 18bit.  In another hand, the format of User plane PDCP Data PDU [9] with 7bit/12bit/15bit SN is all octet aligned currently, in addition, forward compatibility may be needed to consider, e.g. to support more than 25Gbps. So the actual length should consider above three aspects. Similar to the format of 15bit SN, a new format is introduced and wherein one more octet is added, i.e. 23bit SN is introduced to support up to 25Gbps peak data rate. The following figure shows the new introduced format for User plane PDCP Data PDU with 23bit SN.
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Fig. 1 User plane PDCP Data PDU with 23bit SN
Proposal3: 23bit PDCP SN is introduced and a new format for User plane PDCP Data PDU with 23bit SN is introduced.
2.3 Impact on maximum number of DL PDCP SDUs per TTI
Based on the analysis before, e.g. [10], the guideline on maximum number of DL PDCP SDUs per TTI can be obtained by the following formula:
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(2)
Wherein, the value of factor
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 depends on how many piggyback TCP ACKs are transmitted in one downlink TTI. In future, UEs supporting 25Gbps will be anticipated, if 
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 is assumed. From above analysis, we can see that 
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Proposal4: 4180 DL PDCP SDUs per TTI may be supported by UE supporting up to 25Gbps data rate.

Considering not all the UE can support such a large number of DL PDCP SDUs per TTI, multiple categories should be specified. 

Proposal5: Multiple categories of maximum DL PDCP SDUs per TTI should be defined.

2.4
Impact on the length of RLC SN and SO
The length of RLC SN will impact on the number of RLC PDUs within one RLC RTT, i.e. different peak data rate may require different length of RLC SN.
We can get the needed RLC SN length by following formula:
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(3)
The following table shows the needed RLC SN length based on the formula (3), 

	Table 1 RLC SN Length CalculationRLC SN Length Calculation

	MAC PDU Number Per TTI for 32 Carriers
	64
	64
	64
	64
	64

	RLC RTT
	75
	50
	30
	20
	10

	RLC SN Length(bit)
	14
	13
	12
	12
	11


From above table, we can see that at least 11bit RLC SN length are needed which means that the length of RLC SN shall be extended to support 25Gbps peak data rate.

Proposal6: the length of RLC SN shall be extended.
Similar to the discussion on PDCN SN, the RLC SN should be extended according to current requirement, forward compatibility and PDU format requirement. It seems that 18bit SN can meet all above requirements, for UMD PDUs, AMD PDUs and AMD PDU segments.
Proposal7: 18bit RLC SN is introduced and new formats for UMD PDUs, AMD PDUs and AMD PDU segments with 18bit RLC SN are introduced.
The SO field defined in [6] indicates the position of the AMD PDU segment in bytes within the original AMD PDU, and the current length of SO is 15bits. Specifically, the SO field indicates the position within the Data field of the original AMD PDU to which the first byte of the Data field of the AMD PDU segment corresponds to. Normally, the length of SO is equal to the length of LI in a MAC PDU, assuming one only one RLC PDU belonging to a radio bearer is included in a MAC PDU in one TTI.
There was already agreement that no LI enhancement for introduced 256QAM for Rel-12 [12], i.e. keeping 15bit LI in MAC layer unchanged.
So it is reasonable to assume that the length of SO in RLC is kept unchanged, until new physical enhancement or new LI enhancement is introduced.

Proposal8: the length of SO does not need to be extended until new physical enhancement or new LI enhancement is introduced.

2.5
UE category

According to current specification [3], the largest “Maximum number of DL-SCH transport block bits received within a TTI” [i.e. Category 15] is 3916560, and the largest “Maximum number of UL-SCH transport block bits transmitted within a TTI” [i.e. Category 15] is 1497760, which assuming that there are total 5 carriers and 10 transport blocks. 

When 32 carriers are used there will be total 64 transport blocks for both downlink and uplink, new UE category/categories shall be introduced. And without other physical layer enhancements, “Maximum number of bits of a DL-SCH transport block received within a TTI” and “Maximum number of bits of an UL-SCH transport block transmitted within a TTI”​ for the new UE category/categories will keep unchanged as Category 15. 
Based on above assumption, the largest “Maximum number of bits of a DL-SCH transport block received within a TTI” will be 25065984 bits and the largest “Maximum number of bits of an UL-SCH transport block transmitted within a TTI” will be 9585664 bits.
Proposal9: at least introducing a new UE category in [3] with the following parameters:
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 15
	3916560
	391656
	47431680
	8

	Category XX
	25065984
	391656
	
	8


Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 15
	1497760
	149776
	Yes

	Category XX
	9585664
	149776
	Yes


However, considering the fact not all the UEs  have such a high capability, i.e. not all the UEs support up to 32 carriers for DL and UL, 256QAM for DL, 64QAM for UL and 8 layers for DL. So it is reasonable to specify some new UE categories with less capability than the one listed in above table.
Proposal10: Define some new UE categories in [3] with less capability than the one listed in above table.

2.6
Total layer 2 buffer sizes
According to [11], the total layer-2 buffer sizes in [3] currently specified as follows:
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Wherein, 
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MaxDLDataR

is specified by the capability parameter “Maximum number of DL-SCH transport block bits received within a TTI”, 
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 is specified by the capability parameter “Maximum number of UL-SCH transport block bits transmitted within a TTI”, and 
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 is assumed to be 75ms.
Based on above assumptions, the largest total layer-2 buffer sizes are 325120000[325200000] Bytes
Proposal11: Define a new UE category in [3] where the total layer-2 buffer sizes are 325200000 Bytes:
Table 4.1-3: Total layer 2 buffer sizes set by the field ue-Category
	UE Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	Category 15
	50 800 000
	TBD

	Category XX
	325200000
	TBD


Similarly, other new values for total layer-2 buffer sizes shall also be specified corresponding to new introduced UE categories discussed in above section.
Proposal12: Define some new UE categories in [3] with less capability than the one listed in above table.
2.7
Impact on activation/deactivation
In current specification [7, Section 6.1.3.8], the Activation/Deactivation MAC Control Element is designed for at most 7 carriers, see the following figure:
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Fig. 2 Activation/Deactivation MAC control element
So how to perform Activation/Deactivation for up to 31 of 32 carriers (expepct primary carrier) should be studied. There are 2 possible ways to address this issue:
Option1: to exetend the Activation/Deactivation for up to 31 carriers with more bitmap

One way is to exetend the above for up to 31 carriers with more bitmap, which shown like the following figure:
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Fig. 3 Extended Activation/Deactivation MAC control element
By using this way, new MAC CE together with new LCID value may be introduced.

Option2: keep the current format unchanged while each bit corresponding to a group of i.e. one or more carriers
The following figure shows what the MAC CE looks like:
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Fig. 4 Activation/Deactivation MAC control element for CC group
By using this way, new RRC signalling IE shall be introduced to indicate which carrires are mapped to which bit in the MAC CE. And when receiving the MAC CE, the UE applies the activation/deactivation on all the carriers mapped to the bit.

There are no significant difference from the peformance point of view between the 2 options. for simplicity, we slightly prefer option1.

Proposal13: to exetend the Activation/Deactivation for up to 31 carriers with more bitmap.
 2.8
Impact on PHR report
In current specification [7, Section 6.1.3.6, 6.1.3.6a, 6.1.3.6b], three PHR format including PHR/Extended PHR/ Dual Connectivity PHR MAC Control Element is designed for single carrier/and at most 7 carriers. 

However, there will be up to 32 carriers for a new UE, and  may be more than two carriers carry PUCCH simutaneously. All these three PHR formats cannot be used for indicate the expected PHR inforamtion, so new PHR format shall be introduced.

For now, how many carriers are carrying  PUCCH is not determined by RAN1, so it is better to wait for the RAN1 conclusion before desiging the exact PHR format for 32 carriers aggregation.

Proposal14: wait RAN1 agreement for PHR.
2.9
Impact on Timing Advance Command

In current specification, at most 4 TAG are supported when adjust timing advance for a UE. However, when up to 32 carriers are aggregated for a UE, more frequency bands may be introduced. And normally, different band has different propagation feature. So for safety, it is better to extend the TAG number. 

The number of TAG up to 32 carriers could be 8, accordingly, new TA command MAC CE shall be introduced.
Proposal15: to extend the number of TAG to 8 and new TA command MAC CE shall be introduced.

3
Proposal
In this paper, we discuss the possible standard impacts caused by possible peak data rate for up to 32 carriers. Based on above discussion, we propose:
Proposal1: For future proof, a peak data rate of 25 Gbps can be considered as the base to determine the range of L2 parameters.
Proposal2: the length of PDCP SN shall be extended.
Proposal3: 23bit PDCP SN is introduced and a new format for User plane PDCP Data PDU with 23bit SN is introduced.
Proposal4: 2090 DL PDCP SDUs per TTI may be supported by UE supporting up to 25Gbps data rate.

Proposal5: Multiple  categories of maximum DL PDCP SDUs per TTI should be defined.

Proposal6: the length of RLC SN shall be extended.
Proposal7: 18bit RLC SN is introduced and new formats for UMD PDUs, AMD PDUs and AMD PDU segments with 18bit RLC SN are introduced.
Proposal8: the length of SO does not need to be extended until new physical enhancement or new LI enhancement is introduced.

Proposal9: at least introducing a new UE category in [3] with the following parameters:

Proposal10: Define some new UE categories in [3] with less capability than the one listed in above table.

Proposal11: Define a new UE category in [3] where the total layer-2 buffer sizes are 325200000 Bytes:

Proposal12: Define some new UE categories in [3] with less capability than the one listed in above table.

Proposal13: to exetend the Activation/Deactivation for up to 31 carriers with more bitmap.

Proposal14: wait RAN1 agreement for PHR.
Proposal15: to extend the number of TAG to 8 and new TA command MAC CE shall be introduced.
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