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1   Introduction
UE complexity is a factor of consideration in comparing different alternatives of UP architecture. In this contribution, we discuss the number of carriers, eNBs, and protocol entities, which a UE is required to support in the Multi-Stream Aggregation (MSA) mode.
2   Discussion
2.1   Number of carriers 
In LTE CA, UE can support 5 carriers for aggregation in one eNB. UE can be configured 4 SCells at most by RRC message [1]. The carriers are managed in two steps: configuration by RRC message, and then activation / deactivation by MAC control element. The activation / deactivation MAC control element is defined as in Figure 1 [2], which supports at most 7 carriers.
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Figure 1: Activation/Deactivation MAC control element
Since CA sets the upper bound for the throughput enhancement in this study of small cell enhancement, it is reasonable to start by having what is required in carrier aggregation as baseline. 

Observation 1: Like in CA, UE can support up to 5 carriers in MSA mode. 
When the number of eNBs is less than the number of carriers, it is possible for UE to connect to multiple carriers/cells on MeNB and/or SeNB through CA operation. As it is possible that multiple small cells reside on the same carrier, UE should support at least measurement of multiple co-channel cells, and the cell switching among them.
Observation 2: UE can support CA operation on MeNB and/or SeNB, and the cell switching between small cells on the same carrier.
2.2   Number of SeNB
In LTE CA, there must be at least one UL and one DL carrier in one TAG [1]. In SCE scenarios, carriers on different eNBs should not belong to the same TAG, as they are geographically distanced. When there are multiple carriers on MeNB or SeNB, more carriers can be configured on DL than on UL, just like in LTE R11.
Observation 3: UE in MSA mode connects to an eNB with at least one UL and one DL carrier.
In LTE CA, UE is semi-statically configured with one carrier carrying PUCCH for the transmission of HARQ-ACK, SR, and periodic CSI [5]. Due to the delay of the non-ideal backhaul, it is unlikely to use one common PUCCH carried on one eNB’s UL carrier for the transmission of HARQ-ACK, SR, and periodic CSI destined at different eNBs. Hence, UE should have separate PUCCH for each eNB it connects to. Therefore, the maximum number of SeNB(s) UE can support is limited by the number of PUCCHs UE can carry, which should be determined by RAN1 and RAN4 when WI starts.
Observation 4: The maximum number of SeNB(s) UE can connect to is limited by the number of PUCCHs UE can carry. 
2.3   Number of PDCP/RLC/MAC entities
Currently DRB can be configured on a UE with DRB ID being 1-32 and maxDRB being 11 [1]. UE may be required to support 8 DRB as indicated below [1],

Table 1: Annex B.1 (Feature Group Indicators) and the description of index 20
	20
	If bit number 7 is set to 0:

- SRB1 and SRB2 for DCCH + 8x AM DRB

If bit number 7 is set to 1:

- SRB1 and SRB2 for DCCH + 8x AM DRB

- SRB1 and SRB2 for DCCH + 5x AM DRB + 3x UM DRB
NOTE: UE which indicate support for a DRB combination also support all subsets of the DRB combination. Therefore, release of DRB(s) never results in an unsupported DRB combination.


	- Regardless of what bit number 7 and bit number 20 is set to, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB

- Regardless of what bit number 20 is set to, if bit number 7 is set to 1, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB + 1x UM DRB


	Yes
	No


With the support of data split within a radio bearer, there may be more than one instance of RLC/MAC entity for a DRB. This easily leads to thinking that more RLC/MAC entities are required for UE supporting alternatives 3C/3D than for UE supporting 1A/2A/2C. Yet to increase the throughput, the alternatives 1A/2A/2C would configure UE with multiple EPS bearers for data split between radio bearers [7]. Hence, the requirement on the number of RLC/MAC entities is the same whether data split is performed within a bearer or between bearers.
It is, therefore, reasonable to have a baseline by keeping the same number of RLC/MAC entities as in LTE R8.  
Observation 5: UE can have the same number of RLC/MAC entities for DRBs in MSA mode as in LTE R8.
2.4   Asymmetric DL and UL bearer configuration
Asymmetric configurations can be applied to a bearer’s DL and UL directions. For example, all the UL data is transmitted to one eNB, while DL data is transmitted over both MeNB and SeNB. That is, UL RLC data PDUs are all transmitted to one eNB (e.g., SeNB), while RLC UL control PDUs are transmitted to the eNB hosting the corresponding peer. As all UL data is still transmitted to one eNB, there would be little change in MAC procedures of BSR and LCP. Figure 2 gives an example of asymmetric DL and UL bearer configuration. All UL data is transmitted to MeNB only, while the RLC UL control PDUs are transmitted to MeNB and SeNB respectively. Other control PDUs, such as BSR, is transmitted to MeNB only. In the figure “UL control PDU” includes not only UL RLC control PDU, but also MAC control PDU, such as BSR, etc.
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Figure 2: Asymmetric DL and UL bearer
Observation 6: UE in MSA mode can apply asymmetric bearer configuration on DL and UL, thus requiring little change in MAC procedures of BSR and LCP.
3   Conclusion
This contribution discusses UE capability and complexity in terms of the supported number of carriers, eNBs, and protocol entities. Based on the analysis, we have the following observations and proposal:
Observation 1: Like in CA, UE can support up to 5 carriers in MSA mode.
Observation 2: UE can support CA operation on MeNB and/or SeNB, and the cell switching between small cells on the same carrier.
Observation 3: UE in MSA mode connects to an eNB with at least one UL and one DL carrier.
Observation 4: The maximum number of SeNB(s) UE can connect to is limited by the number of PUCCHs UE can carry. 

Observation 5: UE can have the same number of RLC/MAC entities for DRBs in MSA mode as in LTE R8.
Observation 6: UE in MSA mode can apply asymmetric bearer configuration on DL and UL, thus requiring little change in MAC procedures of BSR and LCP. 
Proposal: The above observations should be captured in the TR 36.842 as the UE capability assumption in the study of small cell enhancement.

A text proposal is provided in the Appendix to support the above proposal.
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5   Appendix
The following text proposal can be inserted in the Section 6 of “Design goals” of TR 36.842:

“In terms of UE capabilities:
· Like in CA, UE can support up to 5 carriers in MSA mode;
· UE can support CA operation on MeNB and/or SeNB, and the cell switching between small cells on the same carrier;
· UE in MSA mode connects to an eNB with at least one UL and one DL carrier;
· The maximum number of SeNB(s) UE can connect to is limited by the number of PUCCHs UE can carry;
· UE can have the same number of RLC/MAC entities for DRBs in MSA mode as in LTE R8;

· UE in MSA mode can apply asymmetric bearer configuration on DL and UL, thus requiring little change in MAC procedures of BSR and LCP.”
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