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Discussion / Decision
1.
Introduction
Work item “Coordinated Multi-Point Operation for LTE – Uplink Core Part” [1] was agreed at RAN#53 as one of the prioritized items for Rel-11. One of the WI objectives is [1]:

· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception
· […]
In this contribution, we consider Rel-8/9/10 sounding reference signal limitations and enhancements from UL CoMP reception viewpoint. 
2. Uplink sounding reference signal
Here we present our view on many of the recent topics on SRS enhancements and propose a new set of sequences for increased SRS scheduling flexibility. Many companies have indicated that the shortage of SRS capacity might be an issue in the context of inter-cell and/or intra-cell CoMP (e.g. [1]-[3]). On the other hand, the SRS capacity analysis (with full and non-full buffer sizes) presented in [4] suggests that the capacity is sufficient in both CoMP scenarios. We think likewise and propose that a main emphasis should be put on increasing SRS scheduling flexibility instead of capacity. However, also capacity issue could be addressed via the introduction of DM RS based sounding features.
2.1 UE-specific SRS configuration
Configuration of inter-cell orthogonal SRS resources within the CoMP area is an important SRS design target, particularly so for heterogeneous environments. This is achieved with TDMA and FDMA for Releases 8-10. However, further configuration flexibility is preferred. Therefore, it would be desirable that SRS parameters, like base sequence group, could be configured in a UE-specific way, instead of being dependent on the cell-ID. Also, for a reason of increased flexibility, it is important that UE-specific sequence configurations for DM-RS and SRS can be done independently. For example, the DM-RS and SRS signals of an UE may see quite different interference landscape and consequently the desired sequence group selection for them can be different.
Since SRS resources among UEs of different cells within a CoMP area can be shared by using TDMA, it is necessary that the SRS sub-frame configuration can also be set in a UE-specific way. Especially, in some HetNet scenarios the DL of a UE might be associated with a macro cell while the UL of a UE is associated with a pico cell (with different cell ID as used for macro cell) and therefore the SRS sub-frame parameters should be set according to the ones used in the pico cell. Another interesting case is the CoMP scenario 4, where different types of cells within a CoMP area share a common cell ID. Then it may also be useful to configure UEs in a macro cell and in pico cells with different sub-frame parameters, in order to use SRS resources more efficiently [3].
Proposal 1: SRS parameters should be configurable in a UE-specific manner, and the configuration parameters should be allowed to be different of the ones used for UE-specific DM-RS configuration.
2.2 Enhancements for A-SRS

An aperiodic SRS was introduced during Rel.10 standardization in order to make the use of SRS resources more efficient. One of the items discussed but disagreed at that time was a frequency hopping for A-SRS. However, this is a feature seen useful by a number of companies (see e.g. [1] and [4]). We agree on this. In particular, we think that feasibility of using the current SRS hopping patterns also for A-SRS hopping should be studied. On the contrary, we tend to think that the proposed multi-shot triggering schemes for A-SRS might be unnecessary or, at least, their advantages should be somehow justified.
Proposal 2: Frequency hopping for aperiodic SRS should be considered.
Observation 1: Multi-shot triggering schemes for A-SRS might be unnecessary.
2.3 Increased flexibility for SRS scheduling via new sequences
The SRS scheduling flexibility in a cell is quite limited due to the fact that multiplexing is mainly based on cyclic shifts. Only two different bandwidths can be multiplexed with IFDM in one SRS symbol. The cyclic shift based multiplexing is reflected also on frequency starting positions as well as SRS bandwidth options which are rather limited. We proposed a new set of CoMP DM RS sequences in [5], with the aim to increase the PUSCH scheduling flexibility. Likewise, the same or similar sequences could be applied for SRS in order to increase the SRS scheduling flexibility. Frequency-domain multiplexing with the legacy SRS sequences could be done via IFDM, i.e., one of the frequency combs could be reserved to legacy UEs and the other one to new SRS sequences. 
Shortly, the new SRS sequences are defined in a following way: 
1) Find a proper set of base sequences with the length equal to UL system bandwidth divided by RPF. One such base sequence is allocated to each CoMP coordination area. 
2) Up to 12 cyclic shifts are applied to the full-length base sequence to form a group of orthogonal “full length” sequences that are specific for CoMP coordination area. 
3) Each CoMP UE in the coordination set is assigned to one of the base sequence cyclic shifts. 
4) Each UE uses only a portion from the “full length” sequence according to its SRS PRB allocation as a UE specific SRS sequence. In this way, all CoMP UEs in the coordination set are guaranteed to have orthogonal SRS resources, irrespective of their SRS allocations. The orthogonality between the new sequences and legacy sequences is also guaranteed by assigning them into different frequency combs.
Advantages of this approach include:

· New SRS sequences have essentially the same characteristics as Rel-8/9/10 SRS sequences (see [5]).

· There are no limits for frequency starting positions and bandwidths of SRS allocations.
· A more efficient use of SRS resources may also increase the effective SRS capacity.
Proposal 3: Consider defining a new set of CoMP SRS sequences allowing increased SRS scheduling flexibility by more flexible multiplexing of different SRS bandwidths.

2.4 Sounding Solution Based on Non-Precoded DM RS

The exploitation of unused DM RS resources for sounding purposes has obtained support from many companies (see e.g. [1] and [3]). The main motivation for the push into that direction seems to be a concern about sufficiency of SRS capacity in some of the identified CoMP scenarios. In fact, offloading a part of sounding requests to DM RS resources does not only increase the total sounding capacity but also potentially allows to increase the SRS transmission period and therefore to increase the effective sum rate of a cell by releasing excess SRS resources to PUSCH. However, we are concerned about the problems related to DM RS based sounding, like the complexity of joint scheduling of DM RS and sounding signals into the same frequency resources and the interference caused by sounding signals into the demodulation of PUSCH. 
Since the orthogonality between DM RS and sounding signals can be obtained either by the use of OCC or by strict alignment of their respective bandwidths, the scheduling of sounding resources has to be done in a dynamic way via PDCCH signaling, which can easily cause a saturation of PDCCH capacity in some high system load scenarios. Alternatively, semi-statically reserving OCC for sounding signal and DM RS separation prevents or at least limits the use of OCC in its original purpose, i.e., DM RS separation in MU-MIMO or CoMP. The co-scheduling of DM RS and sounding signals via the use of OCC may also impact the demodulation performance of PUSCH [4] and limit the usable velocity range for sounding signals. But, if the new sequences proposed in [5] are adopted for DM RS, the above mentioned arguments can be largely questioned. The new sequences would essentially remove all the scheduling restrictions and thus may allow the scheduling of sounding signals into DM RS resources in a semi-static way, possibly triggered with A-SRS mechanism. Secondly, the same sequence can be used for both demodulation and sounding purposes such that a portion of the sequence used for demodulation can be transmitted by using DMRS power settings while the out-band portion of the sequence can be transmitted with power settings of SRS. Figure 1 shows an example of power spectral densities (PSD) of three UEs which are co-scheduled into the same frequency resources. Two of the UEs send both the DM RS and sounding signals. Importantly, this kind of arrangement could help to manage the interference caused by sounding signals. So, the new sequences could render the DM RS based sounding attractive. 
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Figure 1. Illustration of co-scheduling of DM RS and sounding signals into the same frequency resources.
Proposal 4: Non-precoded DM RS based sounding would be an attractive solution if new sequences are adopted for DM RS.
3.  Summary
In this contribution, we considered Rel. 8/9/10 SRS from the viewpoint of UL CoMP and made following observation:
Observation 1: Multi-shot triggering schemes for A-SRS might be unnecessary.
In addition, we propose:

Proposal 1: SRS parameters should be configurable in a UE-specific manner.
Proposal 2: Frequency hopping for aperiodic SRS should be considered.
Proposal 3: Consider defining a new set of CoMP SRS sequences allowing increased SRS scheduling flexibility by more flexible multiplexing of different SRS bandwidths.
Proposal 4: Non-precoded DM RS based sounding would be an attractive solution if new sequences are adopted for DM RS.
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