3GPP TSG-RAN WG4 Meeting #80 
R4-165904
Gothenburg, Sweden, 22 – 26 August 2016
Source:
Nokia
Title:
Discussion on per-CC enhancements for measurement gaps
Agenda item:
8.14.2.2
Document for:
Discussion

1
Introduction
In RAN4#79 meeting in Nanjing RAN4 discussed measurement gap enhancements WI and a WF was agreed in [5]. In this paper, we give our views related to the topics in the WF. When discussing potential enhancements to existing measurement gaps, the complexity of the potential enhancement and potential gain from the enhancements needs to be carefully evaluated. Both UE impact and impact on network side needs to be considered.

2
Discussion
The agreed WF included multiple possible solutions to be studied including shorter MGL for synchronous operations, new gap patterns, network controlled small gaps (NCSG) and per-CC based measurement gap configuration. In this paper, we will look at per-CC based measurement gap configuration solutions while in [6] we addressed the first three solutions. 
2.1 Per-CC based measurement gap configuration
When looking at the discussions related to the per-CC based measurement gap solution and the agreed WF, it seems clear to us that there are two basic approaches that can be considered:

1) Apply measurement gap on per-CC and allocate a specific RF chain for performing measurements.

2) Apply a measurement gap on all carriers and measure multiple carriers per measurement gap.

Both solutions will have dependences to the UE architecture and how the UE RF is implemented. Additionally, both solutions will have system level impact at least in terms of measurement performance and throughput. Next, we will look into each solution.

2.2 Per-CC measurement gap by use of separate RF chain
Using a separate RF chain for performing measurements has been possible since Rel-8, and made possible by having signaling for indicating from the UE the need for measurement gaps. Additionally the UE performance requirements are defined for such UE by stating that a UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.

Rel-8 did not cover CA or DC but opened for the non-gap-assisted measurement opportunity for UE implementations. Rel-10 introduced first generation of CA and made it more realistic to have UE supporting inter-frequency and inter-RAT measurements without gap assistance.
RAN4 specification now support CA of up to 5CCs in multiple different combinations. As measurement gap enhancements solution are new core requirements, such new solutions should be generic and therefore cover all already defined CA combinations – as well as being forward compatible for coming CA combinations. In order to enable such compatibility there is very likely a need to have fully flexible signalling defined for this solution. Although the actual signalling is for RAN2 to decide RAN4 would need to consider realistic deployments and use.
Next, we consider some high level input regarding the flexibility and signalling impact:

A UE capable of supporting e.g. 3CC CA indicates to the Network which CCs can be aggregated. Additionally the UE would need to indicate CC (or RF) limitations regarding operating CCs (or RF) independently under the different supported CA combinations. Additionally information needs to be given whether the unused CC (RF) can be used for measuring one or more of the UE supported bands/carriers.
Signalling already allows indicating whether measurement gaps are needed for inter-frequency measurements for each band combination, but the existing signalling is given in UE capabilities and this capability indication is static and UE has to assume worst-case scenario regarding possible configured carriers.  In the current signalling NW has to assume that UE needs gaps for all serving cells.
Observation 1: Currently UE need for measurement gaps indication is sent at attach and cannot be changed later.
One way to reduce the signalling complexity and allow more flexibility was proposed in [7]. One option could be that the UE would indicate to the network it measurement capability based on the configured CA combination. Although the actual signalling details is left for RAN2, we think this is one approach RAN4 should consider when discussing solutions, as one obstacle seen is the complexity of UE capability signalling.  

Our understanding from the RAN4 discussions is that a UE capable of performing measurements without gaps, but by use of separate receiver, most likely will cause interrupts on other active transceiver(s). 

Observation 2: Using separate receiver for measurements will most likely cause interrupts to ongoing data transmissions.
It therefore seems necessary for RAN4 to discuss whether interrupts will happen for this solution. Based on such discussion RAN4 can identify whether Per-CC measurement gap by use of separate RF chain will lead to the need of defining interrupts for inter-frequency/RAT measurements or alternatively the need for supporting also NCSG solution.

Proposal 1: Per-CC measurement gap by use of separate RF chain and NCSG should be discussed jointly.
2.3 Per-CC based measurement by use of common gap

Currently it is defined that a measurement gap is a gap on all configured and activated cells. I.e. the UE shall obey the rules in section 8.1.2.1 and is not expected to receive or transmit any data on any activated SCell during the gap.
This means that all the UE receivers are assumed not being occupied by data transmissions and would be available for performing measurements. Considering a UE capable of 3CC CA would potentially be able to measure up to 3 different carriers in parallel per measurement gap. How many carriers the UE can measure in parallel depends first of all on the UE capability but also on which carriers the UE is configured to measure.
Similar to the discussion in section 2.2 the RAN4 specification now support CA of up to 5CCs in multiple different combinations. As measurement gap enhancements solution is new core requirements, such new solutions should be generic and therefore cover all already defined CA combinations – as well as being forward compatible for coming CA combinations. In order to enable such compatibility there is very likely a need to have fully flexible signalling defined for this solution. Although the actual signalling is for RAN2 to decide RAN4 would need to consider realistic deployments and use.

Different from the solution discussed in section 2.2, this solution would not introduce interrupts in any ongoing UL/DL data transmissions on any active CC. Therefore, this solution does not need any support from NCSG solution but could be regarded as stand-alone solution.
Observation 3: Per-CC based measurement by use of common gap will not cause interrupts.

Observation 4: Per-CC based measurement by use of common gap can be introduced as stand-alone solution.

The solution is of course already possible to use by UEs today as there are no limitations on UE side that it is not allowed to measure more than 1 carrier per gap. However, in order for this solution to provide any measurable system level benefits, there would need to be a common understanding on UE and network side regarding whether the UE measures one or more carriers per gap.
Therefore, this solution would also need signalling support in terms of signalling to the network which carriers the UE can measure in parallel – which would depend on UE capability and RF architecture. Such signalling would likely be very similar to the signalling discussed in section 2.2.
Observation 5: Common gap solution can provide system benefits provided network is aware of the UE capability.
In addition, there would be a need to define or scale the UE performance requirement concerning cell detection and measurement delay for inter-frequency and/or inter-RAT measurements in order to get system level benefits from this solution.

Proposal 2: Common gap solution can provide system level benefits in term of reduced measurement delays.
Due to improved measurement performance on UE side and reduced measurement delays for UEs being capable of performing measurements in parallel – RAN4 could discuss combining this solution with the non-uniform measurement gap solution (burst) discussed in [6]
3
Conclusion
In this paper, we have continued the discussion on measurement gap enhancements based on the WF agreed in the last RAN4 meeting in Nanjing. We have looked at per-CC based measurement gap configuration solutions. Based on the discussion in this paper we make a number of proposals regarding the new solutions discussed:
Observation 1: Currently UE need for measurement gaps indication is sent at attach and cannot be changed later.

Observation 2: Using separate receiver for measurements will most likely cause interrupts to ongoing data transmissions.
Proposal 1: Per-CC measurement gap by use of separate RF chain and NCSG should be discussed jointly.
Observation 3: Per-CC based measurement by use of common gap will not cause interrupts.

Observation 4: Per-CC based measurement by use of common gap can be introduced as stand-alone solution.

Observation 5: Common gap solution can provide system benefits provided network is aware of the UE capability.
Proposal 2: Common gap solution can provide system level benefits in term of reduced measurement delays.
From the observations, we conclude that in order to realize per-CC based measurement gap configuration solutions it is necessary to introduce new signalling enabling the network to get detailed information concerning the UE measurement capability and likely also the architecture. Such signalling should be flexible enough to cover current and coming CA combination in a generic manner.
Additionally we believe RAN4 need to consider practical use cases and implementations as well as the potential gain versus complexity from the different solutions. UE and network impact needs to be discussed and understood. Based on such discussion RAN4 should aim at going forward with the solution providing the best gain considering the overall complexity.
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