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1. Introduction

In the current RRC spec, there is no limitation about the association between RLC entities and PDCP entity. However, in the PDCP entity, there are the following limitations in the subclause of 4.2.1 PDCP structure [1]:
	Each RB (except for SRB0 for Uu interface) is associated with one PDCP entity. Each PDCP entity is associated with one, two, three, four, six, or eight RLC entities depending on the RB characteristic (e.g. uni-directional/bi-directional or split/non-split) or RLC mode:
-
For split bearers, each PDCP entity is associated with two UM RLC entities (for same direction), four UM RLC entities (two for each direction), or two AM RLC entities;

-
For RBs configured with PDCP duplication, each PDCP entity is associated with N UM RLC entities (for same direction), 2 × N UM RLC entities (N for each direction), or N AM RLC entities, where 2 <= N <= 4;

-
For DAPS bearers, each PDCP entity is associated with two UM RLC entities (for same direction, one for source and one for target cell), four UM RLC entities (two for each direction on source cell and target cell), or two AM RLC entities (one for source cell and one for target cell);
-
Otherwise, each PDCP entity is associated with one UM RLC entity, two UM RLC entities (one for each direction), or one AM RLC entity.


Based on the above spec text, for a radio bearer configured as split bearer or with PDCP duplication, the bearer can be configured with multiple UM RLC entities for only one direction, or configured with the same number of RLC entities for each direction. According to the current PDCP spec, the radio bearer is not allowed to be configured with different number of RLC entities for downlink and uplink in any case. In this contribution, we try to discuss whether we can soft the above restriction in the PDCP spec for some radio bearers with asymmetric traffic requirements.
2. Discussion
In this paper, we will focus on UM RLC entity, because anyway AM RLC entity is bi-directional itself, which includes both transmitting side and receiving side. 
According to the current restrictions made in the PDCP spec, if the traffic for a radio bearer is unidirectional, one UM RLC entity for single direction can be used to serve the traffic. When split operation is needed for the radio bearer for throughput consideration, or duplication operation is needed for reliability consideration, multiple UM RLC entities for the same direction can be established. But when it comes to bidirectional traffic served by the radio bearer and split/duplication operation is preferred even only for one direction, symmetric UM RLC entities shall be built for the radio bearer. 
The benefit of such symmetric configuration is to allow split/duplication operation for both downlink and uplink transmission. However, for some use cases, such configuration seems not necessary and have some drawbacks. Actually, we have to agree that for a radio bearer, there may be asymmetric traffic volume for different transmission directions. An extreme example is that the traffic is unidirectional, e.g. living streams, which is deemed to be one of emerging and widely commercialized application in reality. For a radio bearer with high uplink throughput requirement, but with few downlink traffic volume, split operation for uplink only is enough. For such case, it is preferred to build two uplink UM RLC entities with single downlink UM RLC entity. Different with AM RLC entity which is bidirectional RLC entity, each uplink or downlink UM RLC entity is a separate RLC entity. If it is allowed to build such asymmetric UM RLC entities for different directions, both the network and the UE can maintain fewer RLC entities, which is more tailored to application in reality. 
Observation 1: When asymmetric UM RLC entities for different directions are allowed, both the network and UE can maintain fewer RLC entities, which is more tailored to application in reality.
On the other hand, UE is always power limited for uplink transmission. In order to improve the transmission reliability for uplink traffic, e.g. URLLC traffic, PDCP duplication can be adopted. While for downlink transmission, the network can guarantee the transmission reliability for downlink through improving transmission power. Thus, for downlink transmission, PDCP duplication is not always as necessary as that for uplink transmission. In such case, it is also not necessary to build symmetric UM RLC entities for the radio bearer configured with PDCP duplication. Same as the analysis in the above paragraph, both the network and UE can maintain fewer RLC entities with reduced RRC signalling overhead.
Actually it can be seen from the current ASN.1 structure as follows, for UM RLC entities, UL and DL RLC entities are separately configured and each RLC entity is associated with one RB/PDCP entity. Thus it is allowed to establish asymmetric UM RLC entities for either split bearer or duplication bearer with the existing RRC signalling. For the transmit operation for the PDCP entity, whether to deliver the PDCP PDU to one or more RLC entities depends on how many RLC entities are associated with this PDCP entity regardless of symmetric or asymmetric UM RLC entities, and hence no additional impact can be foreseen with the support of asymmetric UM RLC entities to the PDCP spec and the only obstacle lies in the artificial limitation in subclause 4.2.1.
RLC-BearerConfig ::=                        SEQUENCE {

    logicalChannelIdentity                      LogicalChannelIdentity,

    servedRadioBearer                           CHOICE {

        srb-Identity                                SRB-Identity,

        drb-Identity                                DRB-Identity

    }                                                                                               OPTIONAL,   -- Cond LCH-SetupOnly

    reestablishRLC                              ENUMERATED {true}                                   OPTIONAL,   -- Need N

    rlc-Config                                  RLC-Config                                          OPTIONAL,   -- Cond LCH-Setup
    mac-LogicalChannelConfig                    LogicalChannelConfig                                OPTIONAL,   -- Cond LCH-Setup

    ...,

    [[

    rlc-Config-v1610                            RLC-Config-v1610                                    OPTIONAL    -- Need R

    ]]

}

RLC-Config ::=                      CHOICE {

    am                                  SEQUENCE {

        ul-AM-RLC                           UL-AM-RLC,

        dl-AM-RLC                           DL-AM-RLC

    },

    um-Bi-Directional                   SEQUENCE {

        ul-UM-RLC                           UL-UM-RLC,

        dl-UM-RLC                           DL-UM-RLC

    },

    um-Uni-Directional-UL               SEQUENCE {

        ul-UM-RLC                           UL-UM-RLC

    },

    um-Uni-Directional-DL               SEQUENCE {

        dl-UM-RLC                           DL-UM-RLC

    },

    ...

}


Observation 2: The asymmetric UM RLC entities for different directions is allowed with the existing RRC configuration and PDCP procedures.
Based on the above consideration, we suggest RAN2 to discuss whether it is possible to lift the symmetric restriction about the association between RLC entities and PDCP entity in the current PDCP spec, and to allow to build asymmetric UM RLC entities for a radio bearer.

Proposal 1: RAN2 to discuss whether it is possible to lift the restriction about the symmetric association between RLC entities and PDCP entity in PDCP spec, to allow building asymmetric UM RLC entities for a radio bearer with marginal spec impact but offer much more flexibility.
3. Conclusion

In this paper, we have analyse some use cases which don't need symmetric configuration about UM RLC entities for a radio bearer, and made the following observation and proposal:

Observation 1: When asymmetric UM RLC entities for different directions are allowed, both the network and UE can maintain fewer RLC entities, which is more tailored to application in reality.
Observation 2: The asymmetric UM RLC entities for different directions is allowed with the existing RRC configuration and PDCP procedures.
Proposal 1: RAN2 to discuss whether it is possible to lift the restriction about the symmetric association between RLC entities and PDCP entity in PDCP spec, to allow building asymmetric UM RLC entities for a radio bearer with marginal spec impact but offer much more flexibility.
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