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Discussion/Decision
1
Introduction

In the RAN1#68 meeting, it was agreed that EPDCCH messages span both timeslots of subframe and that a restriction would be imposed onto the number of PDSCH TrCH bits receivable in a TTI in order to allow for relaxed PDSCH processing requirements for the UE receiver.
In the RAN1#70 meeting, several proposals were made how to best specify the maximum TBS restriction in the case a UE is configured with EPDCCH. These included aspects such as, for which UE categories maximum TBS restriction(s) should apply, if maximum TBS restriction(s) should be signaled as a separate UE capability and if there would be a single or possibly multiple TA/maximum TBS thresholds.
Based on the proposed WF and the following email discussion over the RAN1 reflector ([1][2]), we present our views on how to introduce the maximum TBS restriction for EPDCCH operation in this contribution.
2
Discussion
2.1
UE radio access capability

In our view, the maximum TBS restriction for UE’s configured with EPDCCH is a feature to ease the introduction of EPDCCH operation in LTE networks. Over time, the need to support the maximum TBS restriction with EPDCCH will gradually diminish due to increased demand for higher UE categories with associated higher processing capabilities. In some sense, this is similar to developments observed for early HSPA categories such as QPSK-only HSPA UE categories 11 and 12, or later on the gradual introduction of 2-Rx based HSPA implementations with their associated higher processing capabilities.
In the same time, maximum TBS restriction(s) for UE’s configured with EPDCCH cannot be imposed onto all UE’s of a given UE category. UE implementations that can sustain higher PDSCH peak throughput per TTI when DL assignments are carried on EPDCCH even in presence of shortened A/N timelines should be able to take full advantage of their capability. Therefore, we think that the maximum TBS restriction can only be signalled as a UE radio access capability.

Proposal 1:
For UE’s supporting EPDCCH, the maximum TBS restriction is signalled as a UE radio access capability.
We think that the need to support the maximum TBS restriction for UE’s configured with EPDCCH is particularly important for the existing R8 UE categories 1-3. We expect that the choice of a particular UE implementation to support various combinations of R10-12 features such as carrier aggregation, interference cancellation/suppression on CRS, support for more spatial layers in DL and UL, or support of advanced PDSCH performance requirements results in a much higher degree of variation in terms of required UE processing power than is typically observed for UE categories 1-3. In consequence, we expect that reduced A/N timelines when a UE is configured with EPDCCH are more easily absorbed into UE implementations in presence of these more demanding LTE features.
Proposal 2:

The UE radio access capability limiting the maximum TBS size when EPDCCH is supported applies to UE categories 1-3. Applicability to other UE categories is FFS.

2.2
Maximum TBS and TA for EPDCCH

While it is possible and in principle straightforward to introduce a UE radio access capability restricting the maximum TBS when configured with EPDCCH, such an approach may have the consequence that achievable network throughput and typical sustained DL data rates for UE’s are unduly impacted, i.e. such an approach could be considered overly conservative.
For EPDCCH, decoding can start latest at the end of the received DL subframe. However, 2.33ms are guaranteed for PDSCH processing even with the largest nominal timing advance value, i.e., 0.67ms. It is clear that the vast majority of commercial LTE deployments, even in presence of repeaters in the propagation path between UE and eNB will not need to deal with TA values corresponding to more than several km’s, i.e. range of 20-30us at most. Even though it is possible and has been demonstrated that LTE radio access can be reliably delivered at very meaningful data rates over distances of several ten’s of km’s, such deployments should rather be seen as exceptional cases and requiring special means in terms of UE antenna solutions.

Allowing for the possibility to trade-off the UE TA budget of some 0.5-0.6ms for increased PDSCH data rates appears like a very sensible way to introduce the maximum TBS restriction for EPDCCH operation.

We note that if a maximum TBS restriction for EPDCCH is introduced as a simple “always valid” UE radio access capability, this also means that even for typical urban and suburban deployments, the UE effectively becomes throttled in terms of its supported DL throughput when it easily has access to those 0.5-0.6 ms more PDSCH processing times and could sustain much higher TBS sizes in a TTI when using small, i.e. typical TA values. This is not desirable from the UE perspective. It should also not be forgotten that the presence of early HSPA UE categories in 3G networks presented a non-negligable handicap in terms of achievable user throughput numbers for all devices in the system due to their limited per-TTI PDSCH processing capabilities and until these lower category devices slowly phased out.

In this context, it is useful to consider the R10 design approach chosen for Un R-PDCCH. Here, DCI’s carrying DL assignments for the PDSCH are restricted to the first timeslot in order to guarantee sufficient PDSCH processing time, but all TB sizes can be supported even with the maximum nominal TA value. In principle, 0.5ms processing time are recovered as long as the TA value is smaller than 0.17ms (=0.67ms – 0.5ms).

Despite significant differences in terms of available processing power for RN (i.e. eNB based) implementations versus UE implementations, and some additional considerations due to RN Rx-Tx switching times, a similar approach can be followed for UE’s supporting EPDCCH.

In the case of R11 EPDCCH, as long as the TA value is less than 100us (0.17ms +/- 1 symbol interval), a UE can and should support all TBS sizes for PDSCH. Such an approach would guarantee that the available PDSCH processing time is the same as for R-PDCCH with maximum timing advance. If the TA value is larger than 100us, the UE would not be required to decode a TB if the indicated TBS size is greater than the UE radio access capability. 
If a single TA/maximum TBS threshold value is used, we think that it is not necessarily important to know or even to track the precise TA value of a UE in the cell in the eNB for the purpose of DL scheduling.

If for example, a UE radio access capability for Cat 3 is introduced that limits the total number of DL-SCH bits received in a TTI to 102048 / (2 or 3) bits for TA > 100 us, this simply means that for a given band/frequency layer of the any micro/pico network deployment, the above TA value is large enough to not become relevant in practice. For larger urban or suburban macro cells, the expected number of occurrences for such large TA values can be known from deployment assumptions.

We do not think that using multiple maximum supported TBS value corresponding to multiple TA values is useful. If a single, relatively conservative TA value of 100 us is selected for the maximum TBS restriction, already 0.57 ms become available in terms of UE PDSCH processing time and add to the always available 2.33ms for the vast majority of commercial LTE deployment cases.

Proposal 3:

A single maximum supported TA value is defined in conjunction with a maximum TBS restriction as part of the UE radio access capability for UEs supporting EPDCCH.

Example: For UE Cat 3 if TA > 100 us, then total number of DL-SCH bits received in a TTI is 102048 / (2 or 3) bits.
2.3
TDD

In order to introduce a restriction on the maximum TBS for EPDCCH operation, some special consideration needs to be given to FS2/TDD.
For TDD, the DL HARQ timing between DL subframe n carrying both DL PDSCH and EPDCCH and the associated UL subframe n+k carrying A/N will vary between k=4…13. The amount of available processing time will be different for different DL subframes for a given frame configuration, and it will vary for different frame configurations applied to the cell. In principle, at least the same amount of processing time is available in TDD when compared to FDD, and in a large number of cases, more processing time is available in TDD than in FDD.
The last received DL subframe part of the DL association set index will have the least amount of processing time available before the UL subframe carrying the multiplexed A/N starts. However, this becomes a constraint only if the DL subframe n resulting in UL subframe n+4 carrying the AN is a normal subframe. One such example is frame config 1 and DL subframes 5 or 9.
For the majority of cases, TDD frame configurations are DL heavy. Here, it should be considered that in many cases, the DL subframes part of the DL association set index will include a special subframe. The special subframe when configured in SS configs supporting the EPDCCH such as SS configs 3,4,8 will provide an increased amount of processing time over the total duration of the DL processing window. This is because EPDCCH can be decoded earlier in the special subframe and also the PDSCH TB sizes are scaled down when compared to normal subframes. Obviously, for other SS configs where EPDCCH is not supported at all, i.e. normal CP and SS configs 0 and 5, regular PDCCH would be used for carrying DL assignments. Some more flexibility may exist than compared to the FDD case when trading-off PDSCH decoding over the duration of multiple DL subframes.
In summary, the number of cases where an n+4 timing relationship exists between a normal DL subframe and the UL subframe carrying A/N is very limited, while it can occur, and these constitute the primary cases where the EPDCCH maximum TBS decoding restriction would apply.
Therefore, the maximum TBS restriction for EPDCCH in TDD should be applied only for the DL subframes having n+4 timing relationship for A/N transmission.

Proposal 4:

Restricted maximum TBS sizes for EPDCCH with FS2 is only applied for the DL subframes having n+4 timing relationship.

3.
Conclusions and Recommendations

In this contribution, we present our views on how to introduce the maximum TBS restriction for EPDCCH. In summary, we propose that,

Proposal 1:

For UE’s supporting EPDCCH, the maximum TBS restriction is signalled as a UE radio access capability.

Proposal 2:

The UE radio access capability limiting the maximum TBS size when EPDCCH is supported applies to UE categories 1-3. Applicability to other UE categories is FFS.

Proposal 3:

A single maximum supported TA value is defined in conjunction with a maximum TBS restriction as part of the UE radio access capability for UEs supporting EPDCCH.

Example: For UE Cat 3 if TA > 100 us, then total number of DL-SCH bits received in a TTI is 102048 / (2 or 3) bits.

Proposal 4:

Restricted maximum TBS sizes for EPDCCH with FS2 is only applied for the DL subframes having n+4 timing relationship.
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