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1 Introduction

The new LTE Release 10 categories have recently been agreed in RAN4 [1] as well as new TB sizes in RAN1 [2]. The maximum size of a single downlink transport block is 299852 bits, that is, 37482 octets. Furthermore, the number of downlink transport blocks per subframe can be even 10, if the UE is scheduled for all five component carriers. Large TB sizes as well as many TBs per subframe are challenging for the Rel-8/9 U-plane protocols. It can be that high data rates provided by the physical layer for fulfilling the LTE advanced targets cannot be exceeded if L2 protocols are not updated accordingly.
2 Background analysis 

In this section we discuss limitations of the PDCP protocol in Rel-8/9 and evaluate the implications of the limitations in obtaining the targeted high bit rates in LTE Rel-10.
Earlier in [3], we were discussing limitations of all L2 protocols (MAC, RLC and PDCP). In the RAN2#73 meeting, some companies considered that updating all of these protocols can be too late in this stage. Thus, in this contribution we consider only the most limiting protocol, which is PDCP in our view.
2.1 PDCP limitations

Current PDCP supports PDCP SDUs of size up to 8188 octets, which for DRBs corresponds to a maximum PDCP Data PDU size of 8190 octets.  However, typically the packets provided by higher layers are smaller, e.g. 1500 bytes. This size depends on the currently used transport layer protocol such as TCP. Some TCP versions support larger packet sizes than 1500 bytes but it is expected that most of the packets in near future are still up to 1500 bytes.
The PDCP Sequence Number comprises 12 bits, meaning that 4096 / 2 = 2048 PDUs can be brought in fly. With an IP packet size of 1500 byte this corresponds to ~3MByte. With an assumed PDCP RTT of 25 ms this limits the theoretical throughput to (3 MByte x 8 bit/byte / 0.025 s) = 980 MBit/s. In principle, the PDCP transmitter could bring more data in flight but this bears the risk of sequence number ambiguity. In normal operation this is not a problem as the RLC receiver ensures in-sequence delivery towards PDCP. However, during handovers, the PDCP status report does not allow identifying a particular PDU unambiguously. This may cause loss of HFN synchronization and data loss resulting in poor performance. 

One could argue that handover typically occurs in the cell edge where the bitrates are clearly lower than the maximum peak rate provided by the physical layer. However, as stated in [4], in heterogeneous network deployments, there are cases when the UE with good channel conditions needs to be moved to different frequencies e.g. to reduce severe interference it is causing. Another case, when the handover can occur in good channel conditions, is the change of the primary cell of the UE. 

3 Discussion
3.1 Solutions to solve PDCP limitations
High bit rates provided by the physical layer combined to rather small packet sizes provided by Internet protocols mean that the number of PDCP PDUs per subframe increases significantly. Thus, the PDCP SN needs to be updated.  First Missing SDU (FMS)-field is mirroring the PDCP SN-field and thus should also be updated. 
Proposal 1 Extensions of the PDCP SN-field and FMS-field shall be supported.
The supported bitrates for different PDCP PDU sizes and PDCP SN-field sizes are given in Table 1. The calculations are based on the parameters given in the previous subsection. In the table, the smallest PDCP PDU size is limited by a typical TCP packet size, the second is limited by the RLC SDU size and finally, the third is limited by the PDCP PDU size. We can conclude that 14 bits are needed in the PDCP SN-field to support the high bit rates provided by the radio interface.
Table 1. Bitrate limit (Gbps) for different PDCP PDU sizes and PDCP SN-field sizes. 
	 
	PDCP SN length (bits)
	 
	 

	PDCP PDU (bytes)
	12
	13
	14
	15

	1502
	0,98
	1,97
	3,94
	7,87

	2049
	1,34
	2,69
	5,37
	10,74

	8190
	5,37
	10,73
	21,47
	42,94


Proposal 2 PDCP SN-field and FMS-field should be extended by two bits 

3.2 Format configuration/selection
Since extension of PDCP SN-fields implies increased overhead, it is desirable to support both the legacy format for legacy data rates and an extended format for the new very high rates. Support of the legacy format is also needed for UEs in Rel-8/9 networks.

For PDCP data PDU, there are reserved bits which could be used for indicating the PDCP SN format. Possibly one of the reserved bits could be used for the SN length indicator. However, in the PDCP control PDU, there are not reserved bits and thus one new octet is needed to enable the extended FMS-field. Due to changing size of the header, dynamic selection of the FMS-field is not so desirable. Thus it is proposed to handle PDCP SN-field as well as FMS-field format selection with RRC configuration. With this approach, a PDCP SN length indicator is not needed. When two reserved bits of three bits are used for SN-field extension, one R-bit remains for future extensions.
Proposal 3 PDCP SN-field and FMS-field extensions are configured by RRC

Because the PDCP status reporting is optional, there is also possibility that in the case when the extended SN-field is used, the PDCP status reporting would not be configured for the same UE. Then extension of the FMS-field would not be needed. However, PDCP status reporting is useful to avoid unnecessary PDCP level retransmissions over the air interface when a HO occurs. 
In principle it is possible to configure the extensions per RB. This could save some reconfigurations (potentially intra-cell HOs) for overhead reduction for low rate services such as VoIP when moving in and out of areas with worse coverage. It should be noted that in Rel-10, the highest TBs are only for DL direction and thus extended headers would be needed only for DL. 
Proposal 4 Extensions are configured per UE and per DRB. The extensions can be limited to downlink direction only.
3.3 Handover from Rel-10 eNB to Rel-8 eNB

When extending the PDCP SN-field, the backwards compatibility issues need to be considered, when the UE is performing a HO from the Rel-10 eNB to the Rel-8/9 eNB. It can be that due to a different SN space, the HFN counts in the target eNB and the UE may do not match.  The problem can be solved by e.g. slowing down the sending rate in the source eNB when the HO is probable in near future or arranging additional RLC status reports by additional polling. However, RLC polling approach has also its limits due to e.g. RLC RTT. 

It should be noted that if the PDCP SN would be delayed to Rel-11, then there would be interoperability issue in a HO from the Rel-11 eNB to the Rel-8/9/10. Thus it would be more efficient to correct the issue already in this stage.
4 Conclusions and Proposals

In this contribution, we have discussed limitations of PDCP protocol to support high bit rates in LTE Rel-10. Based on the analysis, we propose the following:
Proposal 1
Extensions of the PDCP SN-field and FMS-field shall be supported.
Proposal 2
PDCP SN-field and FMS-field should be extended by two bits
Proposal 3
PDCP SN-field and FMS-field extensions are configured by RRC
Proposal 4
Extensions are configured per UE and per DRB. The extensions can be limited to downlink direction only.
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