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1 Introduction
During RAN1#69 meeting, the following contents were agreed:
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· In the case when a UE is in RRC_connected, but has to send RACH, for RACH msg 3 the UE should use Rel-10 mechanism for DMRS generation

One important issue is whether dynamic or semi-static signaling is adopted for switching among all candidate UL DM RS configurations. This contribution investigates the issue and provides analysis indicating that dynamic signaling can benefit the system in several aspects. Further, signaling design consideration and suggestions are given with the assumption of dynamic signaling.
2 Necessity of dynamic signaling
During the discussion in RAN1#69 meeting, two ways are provided for the signaling for indicating UE-specific configuration of PUSCH DM RS: A) dynamic; or B) semi-static signaling. 
The main concern for semi-static signaling is the performance loss compared with dynamic signaling. It was supported by many companies that dynamic signaling is preferred over semi-static signaling due to its better scheduling flexibility, which is helpful to improve efficiency [3]-[12]. It was also confirmed with system-level simulation that dynamic signaling can bring more gain, which was proven in [1]-[3]. In [1], the observed performance gain exists but is limited and it was thought not worthy of introducing dynamic signaling and standardization effort. However in [2], both MMSE and MMSE-IRC receivers are investigated. The simulation results indicate that more than 7% performance gain can be achieved for both cell-average and cell-edge throughput with dynamic signaling, whereas if semi-static signaling were adopted only limited gain can be achieved for cell-edge UEs at the cost of cell-average performance. Further evaluation was carried out with different CRE values in [3], and the results indicate that more than 3% cell average and 18% cell edge relative gain are observed for dynamic signaling over semi-static signaling. Consequently, there is reason to believe dynamic solution can bring evident gain to the system. These results also indicate that with dynamic signaling, the eNB can collect reliable channel statistics for UE pairing and reception point selection.
A concern for dynamic signaling is that multiple TA loops may need to be maintained with dynamic signaling. This issue is in fact common for both dynamic and semi-static signaling since dynamic point switching is supported by both solutions. The detailed analysis for the issue was given in [15]. It was observed that in CoMP scenarios, only one TA loop needs to be maintained and needs only be linked with the nearest point (the CP can be long enough to avoid ISI for all reception points). The TA command from eNB can help achieving the effect and this solution needs no standard effort. 
The above analysis proves the benefits of dynamic signaling over semi-static signaling. One more benefit with dynamic signaling is that it aligns the UL DM RS design with the DL DM RS design. Since the dynamic configuration of DL DM RS was agreed in RAN1#68, it would be natural to extend the dynamic configurability to UL DM RS [3]
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[4]. In our understanding, the standardization effort for dynamic signaling will not be significantly larger than with semi-static signaling. Some simple but effective design introduced in the following section can support the dynamic solution to work with high efficiency. 

Proposal 1:

· Dynamic signaling is used to select cell-specific or UE-specific configurations for PUSCH DM RS.
3 Dynamic signaling design

Based on the agreement in RAN1#69, there is only one set of UE-specific parameters which are configured with RRC signaling. Hence, only 1-bit dynamic signaling is needed to configure a UE with either cell-specific or UE-specific parameters for PUSCH DM RS generation. Some bit fields should be able to indicate which parameters to adopt for PUSCH DM RS in both DCI format 0 and DCI format 4, so as to provide more chances to configuring UE-specific parameters for better flexibility. 

DCI format 0, used for UL grants, has the same payload size as DCI format 1A, used for DL assignments. Introducing one new bit to DCI format 0 may cause increasing the size of DCI format 1A. In addition, the new bit can only be seen by Rel-11 UEs, resulting in two possible sizes of DCI format 0 or 1A. This may introduce more code rates for encoding DCI and additional complexity for the eNodeB. In order to avoid enlarging the payload size of DCI format 0 and 1A, it is preferred to reuse an existing field in DCI format 0.

Among the existing fields, the frequency hopping bit seems most suitable, considering:

a) intra-subframe frequency hopping has to be disabled once OCC takes effect, including in SU-MIMO case, intra-cell MU-MIMO case and UL CoMP case; 

b) frequency-selective scheduling especially with uplink precoding reduces the importance of the frequency diversity gain obtained by frequency hopping (note that there is no frequency hopping field in DCI format 4 since Rel-10).

Consequently, for those Rel-11 UEs which are configured with UE-specific parameters for PUSCH DM RS, the 1-bit field indicating frequency hopping in earlier releases can be regarded to indicate the dynamic configuration for PUSCH DM RS. Further, in order to benefit from frequency hopping among different transmissions for a same process, inter-subframe frequency hopping may be configured by higher-layers.

Proposal 2:

· The frequency hopping field in DCI format 0 is reused to indicate dynamic configuration for PUSCH DM RS for Rel-11 UEs configured with UE-specific parameters.

· Higher-layer signaling can configure inter-subframe frequency hopping.

Since DCI format 4 does not include a frequency hopping field, it is not easy to reuse existing fields. However, since DCI format 4 does not strictly have the same payload size restriction as another DCI format, one additional bit could be introduced to indicate dynamic configuration for PUSCH DM RS. Alternatively, an existing field in DCI format 4 can be reused so as not to introduce an additional bit. 
Proposal 3: 
· Dynamic configuration of PUSCH DMRS with DCI format 4 is supported with an additional bit.

The impact of UE pairing with CoMP on the applicability of SGH was discussed in past meetings. SGH is recognized as an important technique to achieve interference randomization [13]. SGH may be implemented in most networks. However, it was observed that when OCC is utilized to realize MU-MIMO with unequal bandwidth allocation, SGH should be disabled to guarantee the orthogonality between UL DM RS from the paired UEs [14]. As a result, in Rel-10, a UE-specific higher-layer parameter Disable-sequence-group-hopping was introduced so that eNodeB can configure those UEs paired with another UE with different OCC to disable SGH to ensure orthogonality. However, the UE cannot use SGH even when not paired with another UE unless the parameter Disable-sequence-group-hopping is re-configured. In Rel-11, OCC may still be utilized for orthogonality between UEs from different cells to benefit from UL CoMP, where SGH should also be disabled for orthogonality. For this purpose, eNodeB may disable SGH with UE-specific parameter introduced in Rel-10. However, the parameter is configured in a semi-static way. For a UL CoMP case, if all CoMP UEs are configured with disabled SGH, the effectiveness of interference randomization will be reduced.

The probability of CoMP UEs for scenario 3 in system-level evaluation is shown in Table 2 (scenario 4 is similar), so potentially more than 44% UEs may be served by multiple points and be configured with disabled SGH. This may influence not only CoMP UEs but also those UEs served by only one point.

Table 2. The probability of CoMP UEs for Scenario 3

	Cooperation area
	Probability of CoMP UEs

	1 macro cell + N pico cells
	36.59%

	3 macro cell + 3N pico cells
	44.21%


To alleviate the impact of disabling SGH, it is proposed that UE disables SGH only when it is configured with the UE-specific CSH for PUSCH DM RS. In other words, eNodeB may configure UE to enable SGH in a semi-static way by higher-layer signaling; then when eNodeB plans to pair two UEs from different cells, it can allocate different OCCs and configure them to adopt UE-specific CSH for PUSCH DM RS with UL grant, then SGH is disabled simultaneously (override the higher-layer configuration). In other cases, SGH is kept enabled for interference randomization. Consequently, SGH still remains effective when the UE is dynamically signaled the Rel-10 PUSCH DMRS configuration.
Proposal 4:

· When SGH is enabled by higher-layer signaling, UE does not apply SGH when eNodeB signals the UE-specific CSH for PUSCH DM RS in UL grant. This functionality is configurable by higher-layers.

4 Conclusions

This contribution analyzes the pros and cons for dynamic signaling to trigger UE-specific configuration of PUSCH DM RS, based on which it is proposed that: 

Proposal 1:

· Dynamic signaling is used to select cell-specific or UE-specific configurations for PUSCH DM RS.

With the assumption of dynamic signaling, some simple but effective signaling design is presented:
Proposal 2:

· The frequency hopping field in DCI format 0 is reused to indicate dynamic configuration for PUSCH DM RS for Rel-11 UEs configured with UE-specific parameters.

· Higher-layer signaling can configure inter-subframe frequency hopping.

Proposal 3: 
· Dynamic configuration of PUSCH DMRS with DCI format 4 is supported with an additional bit.

Proposal 4: 
· When SGH is enabled by higher-layer signaling, UE does not apply SGH when eNodeB signals the UE-specific CSH for PUSCH DM RS in UL grant. This functionality is configurable by higher-layers.
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