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1. Introduction
In RAN1#75 meeting, the following working assumption and agreements were made for uplink power control enhancements:
Agreements:

· P0 and alpha configuration for the two subframe sets is via RRC signalling

· For power control command step size, no change relative to Rel-11

· FFS PHR related issues till RAN1#76, especially regarding whether current PHR mechanism can have PHR reports for the two subframe sets

· FFS till RAN1#76, including at least the following issues:

· Application of power control commands

· Alt 1: separate power control commands only

· Alt 2: configurable between separate and joint power control commands

· TPC timing issues, if any, for configuration #0

· SRS power control related issues

Working assumption:

· The association of (P0, alpha) with a UL subframe is separately configured via RRC

· For PUCCH PC, no enhancements (including both over-the-air and backhaul enhancements) relative to Rel-11 

Agreement:

· UE can be configured by higher layers via dedicated signalling to assume MBSFN subframes in at least some SIB1-UL subframes when the SIB1-UL subframes are determined by the UE to DL subframes

· All existing DL transmission schemes are supported in eIMTA, regardless of fixed or flexible subframes

This contribution discusses the remaining details on the subframe-set specific power control, based on the given working assumption and agreements. 
2. Discussions
2.1. Power control parameters for SRS transmission
It needs to determine the set of power control parameters used for SRS transmissions, since the SRS transmissions with different power control for either fixed or flexible UL subframe set should be supported to have the separated link adaptation per UL subframe set in TDD eIMTA operations. The SRS transmission power is derived from the PUSCH transmission power in the same subframe in the current specification, so the eNB is not able to get UL CSI for the flexible subframes if only the fixed UL subframes are used for SRS transmissions. Using aperiodic SRS may be a solution, but noting that aperiodic SRS transmission is in the feature group indicator since Rel-10 and no inter-operability test is available so far, it is necessary to find out a solution using periodic SRS for a better link adaptation operation and a timely deployment of TDD eIMTA. The following two options can be considered.

Alt. 1: Periodic SRS configurations only on fixed UL subframes with separated PC parameters from PUSCH
In general, Alt. 1 can be considered with assuming the periodic SRS transmissions are scheduled in the static UL subframes. With only a single periodic SRS configuration, however, the link adaptation for PUSCH in the flexible UL subframes, typically in a different UL PC subframe set, is not possible by using this periodic SRS if PUSCH and SRS power control parameters are always the same in the same subframe. Therefore, it seems natural to have separated two periodic SRS configurations for a UE in order to properly support the approach of Alt. 1, i.e., one for static UL subframes and the other for flexible UL subframes for supporting the separated link adaptation, which can be done by adding a PC parameter set indicator in each periodic SRS RRC configuration message.
One of advantages for the approach of Alt. 1 is that it can support two different PC applied SRS transmissions within only the fixed UL subframes, so that relatively prompt UL link adaptation would be possible.
Alt. 2: Periodic SRS configuration on both fixed and flexible UL subframes, with considering SRS dropping cases when a DL subframe is indicated by the UL-DL reconfiguration DCI
For another approach of Alt. 2, the existing rule is maintained which is to use the parameter set to be used by PUSCH transmissions in the same subframe set for the SRS transmission as well. As periodic SRS should be configured on a flexible subframe, in order to avoid intra-cell UE-UE interference, an SRS-dropping behavior should be defined such that the UE shall drop SRS transmissions if the flexible subframe for SRS transmission is indicated as DL by the reconfiguration DCI. Also, the case of reconfiguration DCI error should be properly handled. This alternative has the benefit that two-parameter-set SRS can be supported with only a single periodic SRS configuration. However, it also has the limitation that the actual UL/DL configuration should be properly determined in order to get SRS transmissions using the parameter set for flexible subframe. In order words, when the eNB wants to get CSI for flexible UL subframes, it should select a UL/DL configuration which indicates the SRS-configured subframe as UL even when the selected UL/DL configuration is not optimal at the given traffic situation. Also, the CSI latency may increase if the UL/DL reconfiguration period is relatively long.

Flexibility of the PC parameter set association can be exploited even for aperiodic SRS for a better UL link adaptation, by separating the SRS power control parameters from those for PUSCH transmission in the same subframe. In other words, even in a single subframe, it should be possible that PUSCH uses parameter set 1 while SRS uses parameter set 2. We can consider several options to enable this feature:
· Option 1: Subframe location determines the UL PC parameter sets to be used by the triggered SRS.

· Option 1-1: Each DL subframe in which aperiodic SRS triggering message is transmitted is associated with one of the two UL PC parameter sets. 
· Option 1-2: Each UL subframe in which aperiodic SRS is transmitted is associated with one of the two UL PC parameter sets.

· Option 2: Aperiodic SRS triggering field in the SRS-triggering DCI determines the UL PC parameter sets to be used by the triggered SRS.

· Option 2-1: An additional bit is added to the aperiodic SRS triggering field in the SRS-triggering DCI to indicate the UL PC parameter set to be used by the triggered SRS.
· Option 2-1: Higher layer signaling configures the UL PC parameter set to be used for each state of the existing aperiodic SRS triggering field.
Several issues are found when a periodic/aperiodic SRS transmission instance is on an UpPTS in a special subframe, since there has been no agreement on whether special subframes can also be included in either one of up to two subframe sets for TDD eIMTA. More specifically, a SRS transmission instance may occur on an UpPTS in a special subframe according to Table 8.2-3 of the current specification [1], and note that even in a special subframe, 1st symbol UpPTS and/or 2nd symbol UpPTS may be explicitly indicated in case UpPTS length of 2 symbols. Therefore, if the group decides each subframe set can include special subframes as well, it needs to explicitly indicate which UpPTS(s) within the special subframe is included in the subframe set. For example, if one subframe set includes only 1st symbol UpPTS of a special subframe and the other subframe set includes only 2nd symbol UpPTS of the same special subframe, the UE will commence SRS transmissions both on 1st symbol UpPTS and 2nd symbol UpPTS in the special subframe, but each with different PC due to the corresponding different subframe set. With this exemplary operation, eNB can receive different PC applied two SRS transmissions within the same special subframe, which seems very effective in terms of supporting separated link adaptation in a timely manner.

More simplified alternative would be that special subframes are not to be included in any (up to) two subframe sets. Instead, the behaviors on such special subframes can be defined separately as a fixed behavior. For example, all possible SRS transmissions on 1st symbol of UpPTS should follow PC parameters configured for 1st subframe set, and all possible SRS transmissions on 2nd symbol of UpPTS should follow PC parameters configured for 2nd subframe set. 
Table 8.2-3: 
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Proposal 1: How to determine the set of power control parameters used for periodic/aperiodic SRS transmissions should be decided, including the cases when a SRS transmission instance is on an UpPTS in a special subframe.
It may need to further check whether there is a potential problem in transmitting any consecutive uplink transmissions (e.g., SRS and PUSCH transmissions) on the consecutive two SC-FDMA symbols with applying different PC on each symbol. In case when each differently power controlled uplink transmission results in a big transmit power level difference between the consecutive two symbols, the UE’s requirement related to transition time may not be met. In order to avoid any possibilities for this situation, we may separately define that all possible SRS transmissions on a special subframe should follow the same PC parameters applied to the consecutive next UL subframe. This power level difference issue needs to be further considered for general UL transmissions, e.g., consecutive PUSCH transmissions across two adjacent subframes but each belonging to a different subframe set.
2.2. Clarification on PUCCH power control
With assuming that the working assumption on no PUCCH PC enhancements is agreed, it then needs to be clarified which downlink association set index K in Table 10.1.3.1-1 to be used in the existing PUCCH TPC accumulation 
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 should be applied for TDD eIMTA UEs, since there has been no explicit agreement on this.

A straightforward conclusion on this issue would be that such DL association set index K is determined according to the given DL HARQ reference configuration when reading Table 10.1.3.1-1 below, since the current specification has already such kind of description to follow the given DL reference HARQ timeline.

Proposal 2: Downlink association set index K for PUCCH TPC accumulation is determined according to the given DL HARQ reference configuration when reading the corresponding existing table.
Table 10.1.3.1-1: Downlink association set index
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	6
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	-
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2.3. Details of PC parameter configurations for two subframe sets
Under the current specification [1], UE can be configured with UE-specific P0 and cell-specific alpha by RRC signaling. When the UE is configured for TDD eIMTA operations, the UE can be configured with (up to) two subframe sets.  For each subframe set, different P0 and alpha values can be used, but the relationship between such legacy parameters of {UE-specific P0 and cell-specific alpha} and newly configured P0 and alpha (per subframe set) seems yet unclear.
Specifically, when a UE is configured with two subframe sets (Set1 and Set2), it needs to be decided whether each subframe set in the two-set configuration message is always accompanied by the associated PC parameter set. If it is allowed to reuse the legacy parameters for one of the two sets, it seems needed to have such parameters of P0 and alpha per subframe set being optionally present in the relevant RRC signaling of subframe set configurations. It means that if such parameters of P0 and alpha are not present in a RRC message for a subframe set, the subframe set is linked to the legacy parameters of {UE-specific P0 and cell-specific alpha} to be used for UL PC. If there is a common understanding that same legacy parameters are always used for Set1, the PC parameter configuration part can be omitted in the RRC message for Set1. If the PC parameter configuration is a mandatory part for both sets in the RRC message, the UL PC is always reset in both sets whenever two subframe sets are configured. 

Similarly, in case when a fallback to only one subframe set is indicated by RRC signaling to the UE, it needs to be decided whether the current legacy parameters of {UE-specific P0 and cell-specific alpha}  are applied to all subframes, or new parameters should be signaled to the UE via the fallback message regardless of the current legacy parameters. Another possible option can be maintaining the parameters of P0 and alpha for Set1 to be inherited and applied to all subframes by the fallback indication, which in turn means the parameters linked to Set2 are only discarded once the fallback indication is received. If both possibilities need to be supported, it is possible to have the PC parameters to be used when falls back to one subframe set as an optional one.
Proposal 3: When UE is configured with up to two subframe sets, the relationship between existing legacy parameters of {UE-specific P0 and cell-specific alpha} and newly configured P0 and alpha (per subframe set) needs to be clarified.
Proposal 4: When a fallback to one subframe set is indicated by RRC signaling to the UE, it needs to be decided whether the existing legacy parameters of {UE-specific P0 and cell-specific alpha} are applied to all subframes, or new parameters should be signaled to the UE via the fallback message.
2.4. Power headroom report (PHR)
As already commented in the email discussion [75-36], the current PHR mechanism can allow PHR for two subframe sets. To be specific, according to the current specification, PHRs are estimated and transmitted at the same subframe where PUSCH is transmitted. So, for each subframe set, the PHR is obtained at one subframe belonging to the subframe set. However, in such operation, there exist some restrictions on obtaining the PHRs for two subframe sets from the perspective of an eNB. Firstly, there will be an UL resource waste (or an UL scheduling overhead increment) to obtain the PHRs for two subframe sets. This is because an eNB can get only PHR for one subframe set at a time. In addition, this drawback may also causes an additional problem that it is hard for an eNB to get the PHRs of two subframe sets in time. Secondly, it is hard for an eNB to infer the PHR value of one subframe set from that of another subframe set. The reason is that the pathloss value is in general unknown to an eNB, and if TPC accumulation is enabled, fc(i) in [1] is also unknown to an eNB since a UE may be able to miss TPC command.
To resolve the above-mentioned restrictions of the current PHR mechanism, the PHR enhancement could be needed. Firstly, if the PHR is triggered, it can be interpreted that the PHRs of all subframe sets are triggered and reported. Here, each PHR value is calculated on the basis of the power control parameter set associated with the each subframe set. Secondly, with regard to the PHR reporting timing of each subframe set, the following two options can be considered. The first one is that the PHRs of all subframe sets will be reported simultaneously in the same subframe. The second one is that the PHR of each subframe set will be reported at one subframe which belongs to the each subframe set. The former may require more specification works to design a new container (carrying PHRs of multiple subframe sets of a single CC), but it can provide an eNB with PHRs of all subframe sets in a short time. Thirdly, if the PHR is triggered, it can be interpreted that the representative PHR is reported to an eNB. Here, for example, the representative PHR can be defined as the minimum value among PHRs of all subframe sets. Furthermore, in this scheme, it may also consider whether an UE reports the index of subframe set which has the minimum PHR or not. This scheme does not have an impact to other working groups. Regarding the power limitation in an eIMTA-operating system, it needs to be reminded that subframe-set specific power control is useful in mitigating interferences from pico cells to macro cells in the scenario of macro-pico adjacent channel. So, PHR enhancement is expected to be useful more for macro UEs in that scenario.
Proposal 5: If PHR is triggered based on the PH reporting procedures, PHs of all subframe sets are triggered and reported. As a method to minimize an impact on other working groups, if the PHR is triggered, the representative PHR (e.g., the minimum value among PHRs of all subframe sets) can be reported to an eNB.
2.5. CRS transmission power in flexible DL subframes
According to the current specification [1], a UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different cell-specific RS power information is received.  This current assumption is unnecessary restriction in the flexible DL subframes that are not used for RRM/RLM measurement. Thus, the UE assumption that CRS EPRE is constant should be limited to static DL subframes (i.e., DL subframes indicated by SIB1 UL/DL configuration), so that eNB can be free of setting CRS power on the flexible subframe set by eNB implementation, e.g., in order to mitigate eNB-eNB interference in the flexible subframes. We note that no additional specification handling other than relaxing the above-mentioned UE assumption is necessary for this eNB-implementation-based CRS power control in the flexible DL subframes. The CSI part can be managed by the eNB implementation properly, e.g., by separating different CRS-powered subframes when configuring two CSI subframe sets. The signalling of power ratio between CRS and PDSCH, which is used for CSI measurement and PDSCH demodulation, can be maintained the same across all the subframes.
Proposal 6: UE assumption on the CRS EPRE should be relaxed such that a UE may assume CRS EPRE is constant across the downlink system bandwidth and constant across all static DL subframes when eITMA mode is activated until different cell-specific RS power information is received.
3. Conclusion
This contribution discusses remaining details of power control enhancements based on the given working assumption and agreements. The following proposals are given based on the discussions:
Proposal 1: How to determine the set of power control parameters used for periodic/aperiodic SRS transmissions should be decided, including the cases when a SRS transmission instance is on an UpPTS in a special subframe.
Proposal 2: Downlink association set index K for PUCCH TPC accumulation is determined according to the given DL HARQ reference configuration when reading the corresponding existing table.
Proposal 3: When UE is configured with up to two subframe sets, the relationship between existing legacy parameters of {UE-specific P0 and cell-specific alpha} and newly configured P0 and alpha (per subframe set) needs to be clarified.
Proposal 4: When a fallback to one subframe set is indicated by RRC signaling to the UE, it needs to be decided whether the existing legacy parameters of {UE-specific P0 and cell-specific alpha} are applied to all subframes, or new parameters should be signaled to the UE via the fallback message.
Proposal 5: If PHR is triggered based on the PH reporting procedures, PHs of all subframe sets are triggered and reported. As a method to minimize an impact on other working groups, if the PHR is triggered, the representative PHR (e.g., the minimum value among PHRs of all subframe sets) can be reported to an eNB.
Proposal 6: UE assumption on the CRS EPRE should be relaxed such that a UE may assume CRS EPRE is constant across the downlink system bandwidth and constant across all static DL subframes when eITMA mode is activated until different cell-specific RS power information is received.
______________________________________________________________________
Reference

[1] 3GPP TS 36.213: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedure”.

































































































































PAGE  
5

_1316367132.unknown

_1319138488.unknown

_1319137712.unknown

_1284485770.unknown

