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1. Introduction
RAN2 agreed to enhance the L2 UP protocols in RAN2#89bis as follows [1]:
	Agreements
1
RAN2 intends to enhance the L2 UP protocols (PDCP, RLC, MAC) so that they can accommodate for the increased L1 bit rate achieved by adding more carriers. 



In this contribution, we discuss the enhancements for PDCP, RLC and MAC headers to support high data rate by adding more carriers.

2. Discussion
A new WI: 'LTE Carrier Aggregation Enhancement beyond 5 Carriers' which was approved in RP-142286 [2] extends the component carriers up to 32 in the carrier aggregation. From the consequences of the WI, the theoretical throughput becomes also increased dramatically, and thus it can be exceeded the maximum length of the current UP headers.
All L2 headers (i.e. a PDCP, RLC and MAC PDUs) are byte aligned (i.e. multiple of 8 bits) in length. Therefore, if maximum data rate bounded by 32 serving cells are greater than the maximum data rate bounded by L2 header, the only alternative would be to extend L2 headers by (in unit of) one byte.
Observation 1: In order to be byte aligned, the enhanced headers should be extended by one byte.

From R2-151345 [3], the maximum data rate bounded by 32 serving cells is calculated up to ~25 Gbps in theory, and we also use this number as the baseline.

2.1 PDCP header

User plane PDCP Data PDU may have 7/ 12/ 15 bit PDCP SN in Rel-12. By using a 15 bit PDCP SN, 16384 IP packets can be transmitted within a PDCP RTT to avoid confusion from wrap around. If we assume PDCP RTT as 50 ms and the size of IP packet as 1500 Bytes, the maximum data rate with a 15 bit PDCP SN would be around 4 Gbps (=1500*8*2(15-1)/0.05), which cannot handle the 25 Gbps. If we extend the header by one Byte i.e. to have a 23 bit PDCP SN as proposed in [3], it can accommodate the theoretical throughput sufficiently. It should also be noted that one byte extension of PDCP SN provides about 1 Tbps capacity (=1500*8*2(23-1)/0.05), and it may be too excessive even though we are considering very high throughput in the future. Hence, RAN2 should discuss and determine the desirable size of extended PDCP SN. If RAN2 do not extend the PDCP SN to one byte (i.e. 23 bit PDCP SN), the remaining bit(s) can be defined as reserved bit(s).

Whether to use a 23 (or less) bit PDCP SN can be configured by RRC per bearer, according to the existing principle.

Proposal 1: A 23 (or less) bit PDCP SN is defined for PDCP Data PDU. RAN2 should discuss the exact size of extended PDCP SN.
Proposal 2: The length of PDCP SN is configured per DRB by RRC.
2.2 RLC header

RLC SN is either 5 bit or 10 bit. In 10 bit SN format, 3 bits are reserved meaning that we can extend SN to 13 bit without increasing header size. The problem is that the location of reserved bits is not adjacent to RLC SN field. In high speed data communication, processing load would be more important than the size of the header.  

Proposal 3: Extend RLC SN, if needed, by using additional byte instead of using currently reserved bits.
A 10 bit RLC SN can accommodate 512 RLC PDU within a RLC RTT. Considering that maximum number of MAC PDU per TTI is 64, 512 is too small number and the RLC SN needs to be extended. Same principle as PDCP SN extension can also be applied here, i.e. to extend the RLC SN by 1 Byte.

Also, to use the extended RLC SN can be configured by RRC per bearer.

Proposal 4: 18 bit RLC SN is defined for AMD PDUs and AMD PDU segments.
Proposal 5: The length of RLC SN is configured per DRB by RRC.

RLC header also includes Length Indicator (LI) field, which indicates the length in bytes of the corresponding Data field element present in the RLC data PDU. From Rel-12, the size of the LI field is either 11 bit or 15 bit for RLC AM, and can indicate up to 32768 Byte if 15 bit LI field is used. As the size of LI field is dependent on the size of PDCP PDU, we do not have to consider extending the LI field in Rel-13.
Proposal 6: Do not extend the RLC LI field.
2.3 MAC header

MAC header contains the Length (L) field, which indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes. Depending on the Format (F) field, the length of the L field can be either 7 bit or 15 bit, and can indicate up to 32768 Byte (262144 bit) if 15 bit L field is used.
As the number of serving cells increases up to 32, the maximum data rate increases. But, the increased maximum data rate is not related to the TB size i.e. we still have up to 20 MHz bandwidth per a component carrier. But, it should be noted that the current 15 bit field cannot cover the maximum Transport Block Size (TBS) defined in TS 36.213 [4]. That is, the maximum TB size is up to 391656 bits from Table 7.1.7.2.5-1 in TS 36.213 [4], and it cannot be contained by using the 15 bit L field. Hence, we need to consider extending the L field from Rel-13.
Observation 2: Current L field cannot accommodate all the existing TBSs in Rel-12.

Unlike PDCP SN or RLC SN (of which the size is configured by RRC), the size of L field is determined by the F field as described earlier. If we consider extending L field in the MAC header, and follow the same principle (i.e. in-band signalling using F field), the size of extended L field would be either 22 or 23 bit. Anyhow, we may discuss the details later, but we propose to agree to extend the L field by adding one more Byte.

Proposal 7: Extend L field by adding one more byte in MAC sub-header.

If we agree to extend L field in the MAC header, this impacts to the size of RLC SO field. That is, the length of RLC SO should be same as the length of L field in the MAC header.
Proposal 8: Define new RLC SO length equal to the extended L field
2.4 Impact analysis

Table 1 shows the configurable size of PDCP fields and RLC fields without and with enhancements as proposed above. Here it is assumed that L2 fields for SRB and UM DRB are not enhanced.

Table 1 Configurable size of PDCP and RLC fields
	
	SRB
	UM DRB
	AM DRB

(w/o enhancement)
	AM DRB
(w/ enhancement)

	PDCP SN
	5 bit
	7 or 12 bit
	12 or 15 bit
	12 or 15 or 23 bit

	RLC SN
	10 bit
	5 or 10 bit
	10 bit
	10 or 18 bit

	RLC LI
	11 bit
	11 or 15 bit
	11 or 15 bit
	11 or 15 bit

	RLC SO
	15 bit
	N/A
	15 bit
	15 or x bit


Without enhancement, there exist four possible combinations for AM DRB. However with the enhancement, the possible combinations increase to 24, which may increase the complexity of UE implementation. But, we may not have to consider all 24 combinations, as it would be desirable to use the extended PDCP fields and extended RLC fields together. For instance, 23 bit PDCP SN should be configured together with 18 bit RLC SN and x bit RLC SO.

Proposal 9: To rule out combinations for a DRB using a value from the original range in one layer and a value from the extended range in another layer (e.g. 23 bit PDCP SN is always configured together with 18 bit RLC SN and x bit RLC SO) .
3. Conclusion
Observation 1: In order to be byte aligned, the enhanced headers should be extended by one byte.

Proposal 1: A 23 (or less) bit PDCP SN is defined for PDCP Data PDU. RAN2 should determine the exact size of extended PDCP SN.
Proposal 2: The length of PDCP SN is configured per DRB by RRC.

Proposal 3: Extend RLC SN, if needed, by using additional byte instead of using currently reserved bits.

Proposal 4: 18 bit RLC SN is defined for AMD PDUs and AMD PDU segments.

Proposal 5: The length of RLC SN is configured per DRB by RRC.

Proposal 6: Do not extend the RLC LI field.

Observation 2: Current L field cannot accommodate all the existing TBSs in Rel-12.

Proposal 7: Extend L field by adding one more byte in MAC sub-header.

Proposal 8: Define new RLC SO length equal to the extended L field.

Proposal 9: To rule out combinations for a DRB using a value from the original range in one layer and a value from the extended range in another layer (e.g. 23 bit PDCP SN is always configured together with 18 bit RLC SN and x bit RLC SO) .
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