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1. Introduction
In RAN2 #81 meeting, some companies proposed a multi-stream option when introducing various dual connectivity solutions, see [1] [2]. According to the definition of multi-stream, User plane data from a E-RAB would be split into multi-flows in Macro eNB, each flow is corresponding with a radio bear in different node as shown below:
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Figure 1 Multi-Stream Option
According to the descriptions given for this option [1] [2], the main advantage of this structure is to have more chance to achieve peak data rate. In this contribution, we analyze in detail the potential gain and impact on specification for multi-stream option. 
2. Discussion
2.1. Potential gain for multi-stream option
According to the discussion of last meeting, the multi-stream option was thought applicable to either inter- or intra-frequency deployments. 

For intra-frequency deployments, if a UE lies in a central position of a small cell coverage area, it is thought that providing uplink/downlink data service only through the small cell can improve per-UE throughput to the full extent. Then there is no need to apply the multi-stream option for this case.
However, if a UE lies in a edge position of a small cell coverage area, when using the multi-stream option for improving per-UE throughput, ABSs (Almost blank subframes) will be used to protect resources in subframes in the victim cell receiving strong inter-cell interference. This means that same frequency would be shared by multi-cells. On the other hand, based on statistically average CSI/RRM measurement result, if the multi-stream option refers to using two radio links to transfer data in parallel, using a radio link with bad quality is not able to improve per-UE throughput when there is one and only one radio link reported with good channel quality, e.g. macro cell or small cell,.  The analysis above is based on the hypothesis that for non-ideal backhaul the two data flows cannot share the same scheduler, so the gain like intra-eNB CoMP technique cannot be obtained. Thus from resource utilization point of view, the multi-stream option cannot improve per-UE throughput for co-channel scenario. 
Observation 1：For co-channel scenario, the multi-stream option cannot improve per-UE throughput.
For inter- frequency deployments, if all available resources in a small cell are enough to satisfy the requirement for maximum data rate of an E-RAB of UE, serving data transport only at the small cell will apparently get the best frequency efficiency. Instead using the multi-stream technique is not able to improve per-UE throughput. If all available resources in a small cell are limited for an E-RAB of UE, the multi-stream technique enables the UE within the coverage area of the small cell to receive data transport from two different eNBs. Thus compared with the single connection solution that the UE is only occupying single frequency layer, the per-UE throughput will get greatly improved by the multi-stream option. According to the RAN2#81 meeting notes: “We assume that the performance that can be achieved with Rel-10/11 solutions available with ideal backhaul (e.g. CA, CoMP, …) sets the technology potential of potential solutions developed in this SI for non-idea backhaul”, the throughput improvement of the multi-stream option would be assuming that the Rel-10/11 CA or CoMP is not able to be applied in the non-ideal backhaul scenarios.
In fact, from the perspective of network layout, if available resources in a small cell are limited in most cases, an operator can deploy another frequency layer identical with the macro cell (namely intra-frequency small cell under macro coverage) at the same site of the small cell eNB. Thus the UE can enjoy the throughput improvement through Rel-10/11 CA or CoMP, as the small cell eNB is simultaneously providing two frequencies to the UE.
Observation 2：For inter- frequency deployments, per-UE throughput for the multi-stream option have no gain compared with Rel-10/11 CA.
2.2. Impact on specification
For the multi-stream option, considering non-ideal backhaul, a possible architecture is shown below:
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Figure 2 Possible architecture

The MAC and RLC entity should be separately placed in different nodes mainly because the non-ideal backhaul will lead to an increase in scheduling delay and the HARQ RTT and the underutilization of the small cell’s capacity as well as non-optimal link adaptation. Furthermore, one E-RAB for a UE can be mapped into two radio bears in different Nodes, considering in-sequence delivery and ciphering for IP data packets, Data Splitting task should be placed in PDCP entity. On the other hand, in our understanding, Data Splitting should occur when a radio link becomes congested. 

Based on the above analysis, the PDCP (Packet Data Convergence Protocol) should support Data splitting function. Furthermore, the multi-stream technique may affect the length of PDCP SN. According to current specification TS 36.323, the size of the reordering window is defined as 2048 when a 12 bit SN length is used, or 16384 when a 15 bit SN length is used, i.e. half of the PDCP SN space, for radio bearers that are mapped on RLC AM. Moreover, Maximum PDCP SN is defined as 32767 if the PDCP entity is configured for the use of 15 bit SNs. 

According to the analysis of [4], The PDCP Sequence Number comprises 15 bits, meaning that 32768 / 2 = 16384 PDUs can be brought in flight. With the smallest PDCP PDU size of 512 byte (representing a typical IP packet size) this corresponds to ~8MByte. With an assumed PDCP RTT of 25 ms plus 60 ms (Maximum delay for non-ideal backhaul as in [5]) this limits the theoretical throughput to (8 MByte x 8 bit/byte / 0.085 s) = 790 MBit/s.
Table 1 Bit rate limit (Gbps) for smallest PDCP PDU size and different PDCP SN-field size.
	 
	PDCP SN length (bits)

	PDCP PDU (bytes)
	15
	16
	17

	512
	0.79
	1.58
	3.16


Apparently maximum PDCP SN defined in current specification is not enough, it needs to be enlarged. Accordingly the size of the reordering window for radio bearers that are mapped on RLC AM also needs to be enlarged.

According to above analysis, the multi-stream technique would bring more impact on specification, especially for UE.

Considering possible benefit, we may compare the case in which a service with great bit rate is split into multi-E-RABs with the case in which an E-RAB carrying the service is split into multi-RBs, the latter transfers fewer configuration information in control signaling from CN than the former.

Observation 3：The multi-stream technique would bring more impact on specification, especially for the UE, but with limited benefit.
Proposal 1: At Study Item stage, for multi-stream option, it is proposed to capture Observation 1/2/3 into the TR
3. Conclusion
In this contribution, we analyze in detail the potential gain and impact on specification for multi-stream option, and some observations and proposals are provided as follows:
Observation 1：For co-channel scenario, the multi-stream option cannot improve per-UE throughput.
Observation 2：For inter- frequency deployments, per-UE throughput for the multi-stream option have no gain compared with Rel-10/11 CA.
Observation 3：The multi-stream technique would bring more impact on specification, especially for the UE, but with limited benefit.
Proposal 1: At Study Item stage, for multi-stream option, it is proposed to capture Observation 1/2/3 into the TR.
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