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1
Introduction and Background
In R10, the same UL Tx timing is applied by a UE configured with more than one serving cell. The TA is derived from the PCell.

For R11, it was agreed in RAN2#74 to support different UL Tx timing settings for different serving cells, i.e. support of multiple TA groups.The goal is to allow for more flexibility when supporting CA in deployment scenarios such as including frequency selective repeaters. The same TA setting is applied to all serving cells belonging to the same TA group. Serving cells in different TA groups can possibly employ different TA settings.

This results in additional simultaneous transmission scenarios to consider in R11 when combinations of PUSCH, PUCCH, SRS channels / signals are concurrently transmitted on a first TAG and a second TAG.

In this contribution, we provide our view on UE design issues when operating in presence of of multiple simultaneous UL channels / signal combinations due to introduction of multiple TA’s.
2
Discussion
In principle, practical inter-band CA deployments can result in DL timing offsets between 2 carriers to be in the order of up to 30us. Given that differences in propagation delay can result in DL timing offset values between the two carrier reaching up to 30us; after applying TA, the UL timing between carriers f1 and f2 could in principle end up misaligned by approximately twice this value, or up to 60us. That is, for a given subframe, transmission on an “early” CC would possibly begin before the transmission of the “late” CC by on the order of approximately 84% of a normal CP symbol period.

Independent of the particular UL channel / signal combination, several issues are pertinent to consider for UE operation in presence of R11 multiple TA [3]:

· Reduced processing time

· Cross carrier scheduling aspects

· UL Tx power settings
· Power headroom calculation and reporting

We think that analysis of the above issues should occur context of other already settled timing issues. Furthermore, while SRS + PUCCH/PUSCH collisions are a scenario to be looked at, we deem the case of PUSCH + PUCCH/PUSCH is more important to consider first. An analysis of reduced processing time and cross-carrier scheduling aspects is provided in [4]. In the following parts of this document, we will therefore consider UL Tx power settings and PHR calculation/reporting for the PUSCH + PUCCH/PUSCH collisions case.

In principle, implementing UE Tx power settings in the presence of PUSCH + PUCCH/PUSCH collisions on a first and a second CC for durations of not more than a normal-CP symbol period can be handled in several ways:

· Ignore

· Modify the UE power scaling

· UE power backoff
· Avoid at L1
· Avoid through a higher-layer solution / scheduling
We first note that the primary reason for managing maximum power is to avoid generating excessive interference, e.g., OOB and/or ACLR, in the UL. However, these are not measured instantaneously, but instead are measured over an entire subframe.

As one simple example of power management, given two PUSCHs not carrying any UCI in the same subframe in which each grant yields PPUSCH,c(i) of 23 dBm, conventional scaling would result in each of them being scaled back by 3 dB. 

Now, expanding this example, assume UL grants result in PPUSCH,1(i-1) and PPUSCH,2(i) each of 23 dBm, where c=1 is the “early” CC and c=2 is the “late” CC.

Although clearly scaling both CC’s by 3 dB would technically always prevent the UE from exceeding maximum power for any amount of time, it may be worth to consider that any such violation (if not handled properly by UE implementation) would not necessarily be detectable with existing OOB and ACLR tests. This will largely depend on the amount of expected overlap between CC1 and CC2. We think that in particular for small time offsets, i.e. CC1 and CC2 symbol overlap up to several percentage points of a symbol duration in time-domain, any potential issue could simply be ignored and the UE would still not generate unacceptably high interference levels. When overlap between CC1 and CC2 then increases, i.e. possibly reaching value of ½ or larger of an OFDM symbol duration, we expect this may become a different situation. However, we recommend to first evaluate in RAN4, at which point resulting Tx timing offsets start becoming a real problem in terms of excessive interference generation by R11 UE’s supporting multiple TA.
We think that some variant of power scaling would then be the least complex solution, if following RAN4 evaluations, modifications are required.

One possibility could be to modify the existing R10 power scaling rules to maximum power when operating in the presence of a TA overlap in R11. A somewhat related alternative approach (related in that both involve reducing power from some nominal level) would be to backoff the maximum power to some level, which should also result in UE not generating unacceptably high interference in the presence of an overlap, with the backoff possibly being a function of the amount of overlap, power in one or some subframes, or some combination thereof.

Another possibility could be to avoid overlaps and whatever interference they would generate by mandating shortened transmission formats for PUSCH / PUCCH using the R8 approach. Yet another possibility is to consider any such situation as a network error when resulting Tx timing overlaps in UE transmission configurations generating unacceptably high interference levels.

In terms of expected RAN1 and/or RAN2 specification impacts, we think that possible solutions roughly rank (from least to most expected impacts) as:

Backoff < Power scaling < Avoidance at L1.

Introducing additional power backoff rules in R11 comes closest to using an existing UE-autonomous mechanism, while Avoidance at L1 could possibly result in introduction of a complicated set of new rules involving both the UE and the eNB.

The use of power backoff or the avoidance would likely not require any changes to existing R10 PHR calculation and reporting. However, the use of some power scaling / backoff variant may require a modification to PHR calculations. We think that impact to PHR is secondary in the sense that it mainly depends on which approach is chosen to deal with the UL Tx power setting in the first place. One may include the resulting changes to PHR calculation and reporting as associated to the expected specification impacts described above.
Recommendation 1
The potential impacts of UE Tx timing offsets when operating in presence of R11 multiple TA should first be evaluated in RAN4 prior to considering solutions. These evaluations could for example be done as a function of the Tx timing mis-alignment for 2 CC’s.
3
Conclusions and Recommendations

In this contribution, we provide our view on UE design issues when operating in presence of of multiple simultaneous UL channels / signal combinations due to introduction of multiple TA’s. We think that the analysis must be done in the context of other already settled timing issues.

The potential consequences from increasing UE Tx timing offsets when operating in presence of R11 multiple TA in terms of excessive interference generation, e.g., meeting OOB and/or ACLR requirements in the UL must be further evaluated.

However, we believe this is best done in RAN4. Such evaluations could for example be done as a function of the Tx timing mis-alignment for 2 CC’s.
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