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1 Introduction

Corrections to the mapping of L1 control commands for 3.84 Mcps TDD have been approved in principle at RAN1 meeting #27 [1]. The corresponding CR for 1.28 Mcps TDD has been postponed to the next meeting, as particularities for this mode have to be taken into account. These are discussed in this contribution. An appropriate CR is also attached.

2 Discussion

As discussed in [1], the L1 control commands should be mapped to the physical channel with the lowest physical channel number according to the rate matching function. This will ensure their proper transmission, as the rate matching function will maintain this channel as long as data are transmitted.

For 1.28 Mcps TDD it is specified in [2] that TPC and SS commands may be transmitted on more than one physical channel per time slot. This allows separate control of multiple UL time slots, when only few ressources are available in DL. The rate matching function may cause some of these commands to be discarded. In order to keep the possibility to control all of the UL time slots also for this variable rate condition, different solutions exist:

1. All TPC/SS commands could be mapped to the physical channel with the lowest physical channel number. This would ensure that all of the commands would be available as long as data are transmitted. It is, however, in contrast to the existing definition that multiple commands shall be mapped on multiple physical channels. Also, to ensure proper working for all possible cases (e.g., 1 DL slot with 5 UL slots), a huge number of different time slot formats would have to be configurable.

2. Instead of using the allocated TPC/SS commands, one could individually consider only the active TPC/SS commands, i.e. those that are still transmitted after rate matching. The pool of available SS/TPC commands would then vary in time. When the data rate often changes, this would cause a frequent reconfiguration of the distribution of the TPC/SS commands. This reconfiguration will be difficult from UE implementation point of view, and, also, if the reconfiguration occurs very often, there will be some UL time slots that are controlled much more frequently than others.

3. The static pool with the allocated TPC/SS commands could be used, resulting in some UL time slots not being controlled for some time. This would clearly be the most simple solution, however, as the distribution rule is fixed, always the same UL time slots are not controlled. In a static scenario with a low data rate, a specific UL time slot may not be controlled at all.

The third option can easily be used, if the distribution rule would be dynamic, i.e. would change over time. A simple way to do this would be to tie the distribution to the SFN. An example for this distribution is shown in figure 1 for the example of 2 SS commands in DL and 4 UL time slots to be controlled. 
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Figure 1: Static and Dynamic distribution of received SS commands and controlled UL time slots

As shown in figure 1, control of time slots #1 and #3 is lost in the static distribution case, when the SS command #1 is not received due to rate matching. For the dynamic distribution this is not longer true. While for the dynamic distribution the interval between two adjustments may be a little longer, on average the adjustment period remains the same. 

The dynamic distribution can be accomplished by a small modification of the existing distribution formula:

Existing Formula (Static Distribution):
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New Formula (Dynamic Distribution):
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The formula has been chosen so that the maximum interval between two adjustment periods for the same time slot is minimised.

It should be noted that the adjustment interval is only affected, when there are more time slots to be controlled than commands are available.

3 Conclusion

In this contribution, L1 control command transmission and mapping to physical channels has been discussed. It was shown that there are inconsistencies between the control of multiple UL time slots by separate commands and the rate matching function. An appropriate solution based on dynamic distribution of the control commands was presented. It is proposed to approve the corresponding CRs for Rel4 and 5 that are enclosed in this document.
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