3GPP TSG RAN WG1 Meeting #74bis
R1-134464
Guangzhou, China, October 7 – 11, 2013
Source:
Sharp

Title:
Details of signalling mechanism for enhanced UL PC for PUSCH and SRS
Agenda Item:
7.2.1.1.2
Document for:
Discussion and Decision
1. Introduction

In the RAN1 #74 meeting, the following conclusions were made for UL power control for eIMTA [1].
	Agreement:

· In UL, 
· Up to two sets of subframes  will be UE-specifically signaled per serving cell
· A potential UL subframe  will belong to one of the above mentioned sets

· Up to two sets of open-loop power control parameters (Po and alpha) are defined

· These parameters are applicable to PUSCH and SRS channels
· TPC commands are accumulated separately for each subframe set
· FFS on
· whether the subframe set is signaled in semi-static or dynamic manner
· details of how to determine the parameters of each PUSCH and SRS transmission 
· whether to enlarge TPC steps assuming the same number of TPC bits as in current specification
· PHR operation



In this contribution we discuss how to signal subframe set for enhanced UL PC for PUSCH and SRS. 
2. Discussion
2.1. Determination of the parameters of each PUSCH and SRS
As agreed in the last meeting, up to two sets of open-loop parameters are applied to PUSCH and SRS. Here, in a given subframe, we assume that one open-loop parameter set is applied for PUSCH transmission if PUSCH is transmitted in the subframe. In this case, if SRS is transmitted in the same subframe, the same open-loop parameter set is applied. In addition to this, SRS can be transmitted for in the special subframes. In order to support common subframe set for PUSCH and SRS. Special subframe should be included in the subframe set.

Proposal 1:
· Subframe set for enhanced uplink power control should be common between PUSCH and SRS
· Special subframes should be included in UL subframe set to determine the UL PC parameter set for SRS transmission
2.2. Signalling mechanisms
As agreed in RAN1 #74 [1], separate uplink power control loop is applied corresponding to each subframe set. We assume that common UL subframe sets between PUSCH and SRS. The following two schemes were proposed to configure the subframe set. In the following, we focus on the PUSCH power control as an example.
Possible solutions for subframe set/TPC parameters indication:

· Semi-static indication:
· Dynamic indication:
We discuss the further details of the above solutions below.

A. Semi-static indication (Subframe set indication in a semi-static manner)
For the semi-static indication, we can consider two options for subframe set indication as follows:
Option A-1: Explicit configuration via RRC signalling

Option A-2: Implicit derivation using DL/UL reference configurations for HARQ timeline

Regarding the scheme 1, flexibility of UL subframe set is larger than that of scheme 2, although the additional RRC message is required. Regarding the scheme 2, there is no need for additional RRC signalling. However, the UL subframe set cannot be flexibly configured since the subframe set should be decided by DL/UL reference configurations for HARQ timeline. However, UL subframe set configuration should be independent from the fixed/flexible subframe positions. For example, considering the eIMTA scenario 4 as shown in Figure 1, when macro eNB is configured fixed UL-DL configuration such as configuration #1, DL signal from macro eNB can become strong interference in small cell if UL subframe is configured in small cell. Therefore the UL subframe set should be separated based on the transmission direction in macro eNB regardless of whether fixed subframe or flexible subframe.
Therefore we prefer the explicit configuration using RRC signalling.
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Figure 1. An example of independent configuration for “the subframe set for enhanced ULTPC” and “flexible/fixed subframe for small cell” ( eIMTA scenario 4 )
Observation 1:

· If the subframe set for UL PC is assumed to be configured semi-statically, an explicit configuration via RRC signalling, e.g. bitmap indicating subframe set to each subframe, is preferable for the subframe set configuration corresponding to the TPC parameters and the subframe set configuration has to be independent from the DL/UL reference configuration for the serving cell.

B. Dynamic indication (Possible types of DCIs for dynamic indication of Subframe sets/TPC parameters)
For the dynamic signalling, we can consider the L1 signalling for dynamic indication of TPC parameters. We can consider the following alternatives for the types of DCIs for dynamic indication of TPC parameters as proposed in [3], [4]. 
Option B-1: A DCI for explicit L1 signalling
Option B-2: A DCI for UL grant
As for the use of a DCI for explicit L1 signalling to indicate subframe set, since the additional bits are required for indicating subframe set corresponding to TPC parameter, it may cause the performance degradation since the large size of DCI for explicit L1 signalling may increase the probability of missing the explicit L1 signalling. 
As for the use of a DCI for UL grant, additional information has to be included to indicate which TPC parameters are applied. By reusing the existing field as proposed in [4], no additional bits are required and a DCI size could be kept as same as Rel.8-11. However, it may create potential restrictions for the existing mechanisms, e.g. limiting the range of TPC command [4]. Therefore, further investigation of the system level performance impact is necessary if dynamic signalling is adopted for indicating TPC parameters.
Observation 2:

· If the TPC parameters are assumed to be indicated dynamically, further investigation of the system level performance impact is necessary.

2.3. Expected effect of eNB-eNB interference mitigation corresponding to backhaul assumption
In this section, we discuss the required backhaul signalling
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Figure 2. Semi-static UL subframe set configurations
In the semi-static signalling, we assume that subframe sets for enhanced UL PC for PUSCH and SRS are configured by RRC signalling. Figure 2 shows the semi-static configuration for configuring the UL subframe set in scenario 3. 
In this example, assuming that the same subframe set configuration is used with the fixed/flexible subframe set. The subframe set #0 consists of subframe #2 and #7 which is “fixed subframe” with the same directions regardless of the UL-DL reconfigurations. On the other hand, subframe set #1 consists of subframes #3, #4, #8, and #9 which are “flexible subframes” with possibility of cross-link interferences. As shown in Figure 2, each eNB shares semi-static information, e.g. DL(/UL) reference configuration(s), information on fixed and flexible subframes, or current subframe set information, with eNBs within the same cluster with ideal backhaul or eNBs in other clusters. Thus, the UL subframe configuration can be easily generated and inter-cluster eNB-eNB interference can be reduced.
Observation 3:

· Semi-static configuration can mitigate eNB-eNB interferences with different cluster.

Figure 3 shows the dynamic signalling for generating the UL subframe set in scenario 3.
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Figure 3. Dynamic subframe set signalling
In the dynamic signalling for UL subframe sets, eNBs within a cell cluster can share the information via ideal backhaul. Each eNB within the cluster can transfer (receive) the dynamic information, e.g. actual configuration for each cell and/or, scheduling information, among eNBs. In this case, the second subframe set only includes UL subframes with different directions from adjacent cells. The subframe set can be signalled dynamically to a UE by indicating which TPC loop or parameter set is applied in a given UL subframe. Therefore, a UE can reduce the transmission power since the unnecessary power boosting can be avoided in a dynamic manner. 
Here, since cell cluster configuration is dependent on the network topology, and timely dynamic information exchange between clusters with non-ideal backhaul cannot be achieved, the inter-cluster eNB-eNB interference cannot be reduced.
Observation 4:

· Dynamic indication can only mitigate eNB-eNB interferences within the same cluster.

Based on the above discussions, we prefer semi-static UL subframe set configuration since the interference mitigation schemes can be applied even if backhaul assumptions are non-ideal among eNBs. On the other hand, dynamic UL subframe set/TPC parameter indication leads the performance benefit only when ideal backhaul is assumed. Therefore, we observe and propose following.
Observation 5:

· We did not observe the convincing reason to apply dynamic indication to optimize the signalling mechanism for enhanced ULPC with ideal backhaul.

Proposal 2:

· The UL subframe sets for separate TPC parameters should be semi-statically configured.

· An explicit configuration via RRC signalling, e.g. bitmap indicating subframe set to each subframe, should be specified for the subframe set configuration corresponding to the TPC parameters and the subframe set configuration has to be independent from the DL/UL reference configuration for the serving cell.

3. Conclusion
In this contribution, we propose:
Proposal 1:
· Subframe set for enhanced uplink power control should be common between PUSCH and SRS
· Special subframes should be included in UL subframe set to determine the UL PC parameter set for SRS transmission
Proposal 2:

· The UL subframe sets for separate TPC parameters should be semi-statically configured.

· An explicit configuration via RRC signalling, e.g. bitmap indicating subframe set to each subframe, should be specified for the subframe set configuration corresponding to the TPC parameters and the subframe set configuration has to be independent from the DL/UL reference configuration for the serving cell.
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