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1. Introduction
In this contribution, we discuss the multiplexing of DCI messages. As the optimal DCI multiplexing method is dependent of the communication environments such as the availability of CSI, UE mobility, property of the contained messages, etc, this contribution provides high level comparison of different multiplexing methods.
2. Discussion
For the multiplexing of different DCI messages of different UEs, it is important to consider the mapping of the DCI messages onto the actual physical resources to increase control channel capacity or link performance. The frequency domain separation of a single E-PDCCH transmission is an important topic because it determines the trade-off relation between the frequency diversity gain and the frequency selective scheduling gain. We consider two modes for the frequency separation method, REG-level interleaving mode and non-interleaving mode, depending on how to construct each E-CCE, which is the basic unit of E-PDCCH transmission. More detailed discussions on E-CCE are in the companion document [1].

REG-level interleaving mode 
In the REG-level interleaving mode, a DCI message is fragmented into multiple REGs, interleaved with other DCI messages according to the specific interleaving pattern, and then allocated across the whole frequency band. The concept of the REG-level interleaving is shown in Figure 1. Obviously it can obtain the frequency diversity due to the REG-level interleaving and the DCI message can avoid burst error which is caused by frequency selective channel fading or interference. The advantage of this REG-level interleaving is more prominent in the short size of DCI message (i.e., low aggregation level of E-PDCCH) because it is possible to allocate such DCI message onto a number of well-separated physical RBs. However, it is difficult to use DM RS in a way of dedicating it to each E-PDCCH because only a few REs are used for each E-PDCCH transmission in a PRB pair and this implies that the operation based on shared RS is desirable for REG-level interleaving mode. As a result, it is not appropriate to apply frequency selective scheduling in this mode. In this sense, this REG-level interleaving mode is beneficial when the CSI information is not available for the E-PDCCH transmission. In the space domain, it is necessary to introduce a transmit diversity scheme based on such shared RS [2].
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Figure 1: REG-level interleaving
One topic we need to consider here is the common search space (CSS) in the E-PDCCH region. The common search space (CSS) indicates the important resources for the paging, system information, SPS or TPC which all users are commonly sharing. For the case of CSS, the channel status information for the users is different from each other and the UE-dedicated RS cannot be utilized. In addition, for the CSS, no UE-dedicated transmission such as frequency selective scheduling can be used. Therefore it is better to use REG-level interleaving mode to derive the additional diversity gain and to ensure the reliable transmission.  For the allocation of E-PDCCH resources, it is also necessary to consider multiplexing with the E-PHICH. If the current PHICH structure is reused, E-PHICH is also composed with REGs which is the basic unit of the CCE that constructs the DCI message in the REG-level interleaved E-PDCCH discussed above. As it is expected that E-PHICH does not take a lot of resources in the PDSCH region although it required a number of PRB pairs for the frequency diversity, it seems straightforward to multiplex the REG-level-interleaved E-PDCCH with E-PHICH for better resource utilization [3]. 

Proposal 1:
· REG-level interleaving mod is used for the CSS to derive the additional frequency diversity gain.

Proposal 2: 

· REG-level interleaving mode is used for multiplexing E-PDCCH with E-PHICH.

Proposal 3: 

· REG-level interleaving mode is used for the E-PDCCH with no CSI.
Non-interleaving mode 

In the non-interleaving mode, each E-CCE is not fragmented and consists of REs from a PRB pair. This implies that it is possible to use DM RS in a way of dedicating it to each E-CCE, which allows dedicated precoding for each E-PDCCH. By this nature, non-interleaved E-PDCCH is beneficial when some CSI is available at the eNB and suitable for UE-specific search space (USS). 

Two different resource allocation methods can be considered here in terms of the separation of a single E-PDCCH transmission in the frequency domain. With localized allocation where multiple E-CCEs for a single E-PDCCH comes from one PRB pair or contiguous PRB pairs, it is possible to achieve frequency selective scheduling gain by placing the E-PDCCH in a subband which has favorable channel condition. This implies that localized allocation requires sub-band CSI at the eNB. On the other hand, with distributed allocation where multiple E-CCEs for a single E-PDCCH comes from well-separated PRB pairs, it is possible to obtain some frequency diversity gain by this frequency domain separation while exploiting the CSI in precoded transmission of E-PDCCH. Thus, this distributed allocation is more suitable when wide-band CSI is available at the eNB. It is also noteworthy that the diversity gain obtained by the non-interleaving mode with distributed allocation is limited to the case of high aggregation level.

The two resource allocations discussed above can be simply implemented by means of VRB-to-PRB mapping as depicted in Figure 2. If a set of VRBs are configured as the potential resources for the E-PDCCH transmissions, the localized allocation can be implemented by applying LVRB mapping so that one E-PDCCH aggregates E-CCEs that are within a localized PRB cluster. Also, the distributed allocation can be done if DVRB mapping is applied because now the E-PDCCH aggregates E-CCEs from well-separated PRBs. The DVRB mapping discussed here may follow the rule in LTE PDSCH DVRB mapping rule but a new distribution rule can be consider for further improvement.
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Figure 2: Localized and distributed allocation for non-interleaving mode
Proposal 4: 
· Non-interleaving mode is used for the USS and exploits MIMO techniques such as precoding and MU-MIMO.

Proposal 5: 

· Non-interleaving mode with localized allocation is used when the SB-CSI is available.

Proposal 6: 

· Non-interleaving mode with distributed allocation is used when the WB-CSI is available for the large size of DCI messages (aggregation level 4 or 8).

Table 1 summarizes the multiplexing schemes for the DCI messages. When no CSI is available, REG-level interleaving can be applied. When the sub-band CSI is available, non-interleaving mode with localized allocation is more useful. We can use non-interleaving mode with distributed allocation along with the WB-CSI especially for the large size of DCI messages. For small size DCI messages with the WB-CSI, there is a tradeoff relation between the REG-level-interleaving mode and the non-interleaving mode with distributed allocation; the former can achieve better frequency diversity but the latter can exploit the precoding gain.
Table 1: Interleaving modes for multiplexing of DCI messages
	
	Large size DCI
	Small size DCI

	Sub-band CSI
	Non-interleaving mode
with localized allocation
	Non-interleaving mode
with localized allocation

	Wide-band CSI
	Non-interleaving mode
with distributed allocation
	Non-interleaving mode
with distributed allocation
/ REG-level interleaving

	No CSI
	REG-level interleaving
	REG-level interleaving


3. Conclusion
In this contribution, we discussed on the multiplexing schemes of different DCI messages. From the discussion, we can conclude as follows:

Proposals:
· REG-level interleaving mod is used for the CSS to derive the additional frequency diversity gain.

· REG-level interleaving mode is used for multiplexing E-PDCCH with E-PHICH.

· REG-level interleaving mode is used for the E-PDCCH with no CSI.
· Non-interleaving mode is used for the USS and exploits MIMO techniques such as precoding and MU-MIMO.

· Non-interleaving mode with localized allocation is used when the SB-CSI is available.

· Non-interleaving mode with distributed allocation is used when the WB-CSI is available for the large size of DCI messages (aggregation level 4 or 8).
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