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1
Introduction

In this contribution, we discuss the requirements on UE Physical Channel combinations. The requirements in [1] are taken as a starting point and, based on those, some high-level Requirements on UE Physical Channel combinations are identified. We will also consider the complexity requirements identified in [1] and discuss the consequences for the UE Physical Channel combinations.
2
Discussion
2.1
Relevant complexity requirements in TR 25.913 ([1])
In TR 25.913 ([1]) there are numerous complexity requirements, some of which are relevant for the discussion on the UE Physical Channels combinations. In this section, we will briefly discuss some relevant aspects of these requirements. 
Minimize the number of options

In [1] it is stated that 
“The number of options shall be minimized. Sets of options shall be realizable in terms of separate distinct UE "types/capabilities". Different UE "types/capabilities" shall be used to capture different complexity vs. performance trade-offs, e.g. for the impact of multiple antennas.” 

Thus the different UE "types/capabilities" are typically aimed for different performance targets, and this should be reflected also in the requirements of Physical Channels combinations for these UEs. This implies in particular that different UE "types/capabilities" are likely to have different Requirements on UE Physical Channel combinations.
No redundant mandatory features

In order to minimize the complexity of a terminal the requirements in [1] also state for UE complexity requirements that “The mandatory features shall be kept to the minimum”. This requirement also benefits the fast introduction of E-UTRA capabable terminals and thereby E-UTRA services.  Thus, this requirement should be considered carefully when deciding mandatory support for physical channel reception. In minimum this requirement means that although UE Physical Channel combinations define a certain set there could still be some sub-sets supported by the UE in case the UE does not support a given physical channel at all (e.g. only MBMS capable UEs would support the reception of MBMS channels when the MBMS channels are present in a given physical channel combination).
2.2

Requirements related to reception of u-plane data and control signaling
The details of the physical channels used for u-plane data transfer and for control signaling are partially open. However, as shared channels are used for data transmission, issues such as balancing of shared channel control signaling and u-plane data transmission needs to be considered to meet the performance requirements. Furthermore, the resource allocation constraints due to UE capabilities such as:  UE operating bandwith and memory/buffer class need to be taken into account in a system and network design in order to ensure that UEs are able to receive all relevant physical channels.
In particular UE minimum DL BW capability compared to the BS DL operating BW is likely to have any an impact on channels the UE is able to receive simultaneously  (e.g. in case certain channel is either totally or partially transmitted in a frequency block, the UE is not able to receive simultaneously with normal data reception). This applies in particular for the reception of common control information, such as System Information and MBMS control information. Unless special care is taken in network and/or system design  it could happen that the UE is not able to receive system information simultaneously with data reception e.g. because the minimum UE DL BW capability is smaller than the BS DL operating BW and the UE is allocated to frequency block at the edge of the BS operating BW and system information is transmitted in the 1.25 MHz block in the middle of the BS operating band.  

Under working assumption that UE capability <20  MHz., the issues discussed above should be carefully considered in order to ensure that the UE is also able to receive all necessary common control information while receiving user data.  This requires close co-operation with RAN1 and RAN4 in order to progress the design work further.

2.3
Requirements related to mobility support

Some requirements on mobility support in E-UTRA are also set in [1]. 

“The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h. Higher mobile speed between 15 and 120 km/h should be supported with high performance. Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band). Voice and other real-time services supported in the CS domain in R6 shall be supported by E-UTRAN via the PS domain with at least equal quality as supported by UTRAN (e.g. in terms of guaranteed bit rate)　over the whole of the speed range. The impact of intra E-UTRA handovers on quality (e.g. interruption time) shall be less than or equal to that provided by CS domain handovers in GERAN.”

In order to ensure high quality intra-frequency handovers in a frequency re-use =1  system it is important that the UE continuously identifies new intra-frequency neighbour cells and measures the pilots of the identified neighbour cells. This indicates that the UE would need to perform cell search and pilot level measurements in parallel to data reception in similar manner as in UTRA [2]. This means that the UE has to be able to receive synchronisation and pilot channels (which are still TBD) simultaneously with relevant data channels. This again sets some design constraints on E-UTRA system and network.

2.4
Requirements related to MBMS 

The following requirement from [1] is relevant when considering the simultaneous reception of MBMS and other physical channels:
“Voice and MBMS – the E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated voice and MBMS services to the user.”
This needs to be taken into account when discussing requirements on UE physical channel combinations. However, the details of LTE MBMS transmission need to be developed further, before concrete combinations can be proposed. One open issue that was discussed in [3], is the need for further investigations of broadcasting scenarios in order to find a suitable and simple solution for broadcast services. This includes a discussion on whether it would be useful to have a principal discussion on broadcast deployment scenarios in order to understand whether it is more beneficial to optimise the system by

1. allocating broadcast and unicast services to different frequency layers

2. time-multiplexing broadcast and unicast services to the same frequency layer.

The outcome of this discussion will have an impact on the MBMS-related requirements on simultaneous physical channel combinations. 

3
Conclusions
In this contribution, we highlight some issues that need to be taken into account when discussing requirements on UE physical channel combinations.

Based on the complexity requirements in TR 25.913 ([1]) it should be noted that different UE "types/capabilities" are likely to have different Requirements on UE Physical Channel combinations and although UE Physical Channel combinations may define a certain set there could still be some sub-sets supported by the UE in case the UE does not support a given physical channel at all.
Based on the discussion in Sections 2.2 and 2.3, the following conclusions can be made:
· when considering simultaneous reception of control and data physical channels, issues such as balancing of shared channel control signaling and u-plane data transmission needs to be considered to meet the performance requirements
· Under working assumption that UE capability <20  MHz., the possibility for simultaneous reception of system info (as well as other necessary common control information) is an important design criterion and needs further progress in RAN1 and RAN4 as well.

· Reception of synchronisation and pilot channels of intra-frequency neighbour cells is likely to be needed in parallel to the actual data reception for supporting efficient handover evaluation. Also in this case the final physical layer and UE capabilities details will have an impact on the intra-frequency neighbour cell measurement concept as whole and therefore close co-operation with RAN1 and RAN4 is needed here.

Regarding broadcast-related requirements, as discussed in section 2.4 it would be useful to have a principal discussion on broadcast deployment scenarios in order to understand whether it is more beneficial to optimise the system by

· allocating broadcast and unicast services to different frequency layers

· time-multiplexing broadcast and unicast services to the same frequency layer.
The discussion has already been initiated in RAN4 and RAN1. We believe that this is also an area where input from other RAN WGs is needed before the requirements for UE Physical Channel combinations can be concluded. 
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